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CHAPTER I 

INTRODUCTION 

1 - 1. PURPOSE O F  EQUIPMENT 

The Milgo Electronic Corporation (MEC) Model 74 Data Transmit ter  receives digital 
information and control signals f rom a Data Communication Channel (DCC), formerly 
re fer red  to as a Real Time Channel (RTC). 
one bit at a time in a se r i a l  format and converts it into keyed tone bursts ,  which a r e  
transmitted over 3kc telephone voice lines. 
in conjunction with the MEC Model 75 Data Receiver. 
Transmit ter  for several  test modes of operation so that the Transmitter and other 
associated equipment, can be tested either with or  without using the DCC. 

The Transmitter accepts this  information 

In normal  operation, the Transmitter works 
Provisions are made within the 

1-2. SCOPE O F  MANUAL 

This instruction mamial describes the MEC Model 74 Data Transmit ter ,  designed 
and manufactured by MEC, for International Business Machines, Federa l  Systems Divi- 
sion, Kingston, New York, in  conjunction with Project  Mercury. 

1-3. PURPOSE O F  MANUAL 

This instruction manual is provided as a n  aid to  better understanding of the oper- 
ation and theory of the MEC Model 74 Data Transmitter and its associated equipment. 
It offers a complete technical explanation coupled with applicable illustrations. 
necessary that the operator, o r  any person involved in  the operation of this equipment, 
thoroughly read and fully understand the contents of this manual. 

It is 

1-1 
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CHAPTER It 
GENERAL DESCRIPTION 

2-1. GENERAL 

2-1.1. The MEC Model 74 Data  T ransmi t t e r  receives  digital information one bit  at 
a t ime  in  a se r i a l  format f r o m  a DCC and converts th i s  information into keyed tone burs t s .  
These  tone b u r s t s  a r e  then t ransmit ted over a 3 kc telephone voice l ine.  

2-1.2. The Data Transmi t t e r  generates four outputs. 

a. A tone representing data. 

b. A tone bu r s t  representing End of Word. 

c. A tone bu r s t  representing S tar t  of Word. 

d. A pulse which signals the DCC to send the next 
bit  of data. 

2 -3. PHYSICAL DESCRIPTION 

The  Data T r a n s m i t t e r  i s  contained in a s tandard MEC tvDe 4 1 F  rack. This  r ack  is z .  

74 118 inches high, 22 inches deep, and 19 1 /16 inches wide. 
T r a n s m i t t e r  is approximately 500 pounds. 
ploy 50-pin connectors t o  effect the connection of each  c h a s s i s  to the rack wiring. 
cation of each  chass i s  is i l lustrated in Figure 1-2. 

The weight of the complete 
All chass i s  a r e  of modular  construction and  em- 

The lo-  

2 -3. DATA COMMUNICATION CHANNEL OPERATION 

2-3.1. The DCC sends two lines of information t o  the Transmi t t e r :  one l ine is for  
data t r a n s f e r ,  the other  is a control signal t o  indicate that data is available. 

2-3.1.1. The select  and ready l ine is a signal f o r  the T r a n s m i t t e r  t o  send a 
SOW tone b u r s t  and  to  start sampling the data line. 
t o  send a n  E O W  tone burs t .  

The fall of select  and ready  i s  a signal 

2-3. 1.2. The data l ine is that portion of the output of the DCC that is to  be 
t r ans fo rmed  into tone b u r s t s  f o r  transmission. 

2-3.2. The DCC receives  a shift request pulse f r o m  the T r a n s m i t t e r ,  which requests  
the next data bit.  

2-4. INPUTS 

2-4.1. Signal Inputs - The Model 74 Data  T r a n s m i t t e r  receives  information f r o m  the 
When DCC through 517 a t  the r e a r  of the rack. 

the Transmi t t e r  i s  selected,  the received level  is 8 volts *O. 5 volts. 
t e r i s  deselected,  the r ece ived leve l i s  0 volts *O. 5 volts. 
f 3 r  a "I", and 0 volts *O. 5 volts f o r  a "0". The data level is achieved within 10  m i c r o s e c -  
onds of the select  and ready line, and attains the next data bit level  within 10  microseconds  
a f te r  the previous shift request.  

Select  and ready e n t e r s  517 through pin C. 
When the T r a n s m i t -  

Data levels  are 8 volts *O. 5 volts 

2-1 
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of the rack. 

2-5. OUTPUTS 

2-4.2. Power Inputs - The Transmi t t e r  receives  a - c  power through J 1 5  at the r e a r  
It operates on 120 vac,  60 cycles,  i l O %  at l e s s  than 10  a m p e r e s .  

2-5.1. 
through J17, pin A. 
0 volts. 

The shift request  output t o  the DCC is a 10-microsecond pulse,  sent out 
It is a positive-going pulse,  going f r o m  approximately -10 volts t o  

A "0" i s  approximately -10 volts, and a "1" is 0 volts. 

2-5.2. The Transmi t t e r  h a s  4 isolated outputs that  feed 600-ohm t r a n s m i s s i o n  l ines .  
The table below shows the pin Each  of t hese  outputs i s  adjustable f r o m  -30dbm to t10dbm. 

numbers  of J 1 6  that the outputs a r e  routed to. 

Keye r P i n  

1 
2 
3 
4 

A and C 
E and G 
J and L 
N and U 
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CHAPTER 111 

THEORY OF OPERATION 

3-1. GENERAL 

3-1. 1. The MEC Model 74 Data Transmi t te r  is designed to  accept digital  infor- 
mation ser ia l ly ,  and t r ansmi t  it serially over 600 ohm 3kc telephone l ines a t  a l k c  bit 
rate. The Transmi t t e r  consis ts  of c i rcui t ry  which accepts  one source  of information, 
and converts i t  into a f o r m  suitable for  driving four independent Keyers  that t r ansmi t  
information over four s epa ra t e  telephone l ines.  
and dr ives  two Detectors in  paral le l .  
Delay Shift Register.  
t o  each  Keyer  is taken f r o m  the Delay Shift Regis ters  independently, thereby delaying the 
information to  each  Keyer  independently. 

It accepts  one l ine of data from a DCC 
Each Detector i n s e r t s  information into a var iable  

Although each Shift Regis ter  d r ives  two Keyer Chassis ,  the input 

3-1.2. F o r  inc reased  reliabil i ty,  the Data T r a n s m i t t e r  contains two MEC Model  
165-46 Power  Supplies. 
failure occur i n  one supply, it will not place a n  additional load on the remaining supply. 
Power Supply A is the sou rce  for one-half of the sys t em consisting of the one-half of the 
Test-Control Chassis ,  Detector A, one Delay Shift Reg i s t e r ,  and Data Keyers  #1 and #2. 
Power  Supply B controls the second half consisting of the other  half of the T e s t z o n t r o l  
Chassis ,  Detector By the other Delay Shift Reg i s t e r ,  and Data Keyers  #3 and #4. 

These  supplies a r e  isolated f rom each  other,  and should a 

0 

3-1. 3. The output of a Keyer Chassis is shown in  F igure  9-15. Although the pat-  
t e r n s  shown a r e  tes t  pat terns ,  the tone bu r s t s  a r e  the s a m e  as those t r i gge red  by actual  
data. 

3-2. OPERATE MODES 

3-2. 1. Sys tem Operation 

3-2. 1. 1. Operation of the Data Transmi t t e r  is conducted i n  this mode, and all 
redundancies built into the sys t em a r e  i n  operation. The timing for  the Transmi t t e r  
is controlled by a 1 kc tuning fork in the Test-Control Chassis .  
the tuning fork or  i t s  associated circui t ry  another tuning fork is automatically switched 
into operation. 

In the case  of a fai lure  i n  

3-2. 1.2. The data and select and ready l ines a r e  routed through the Tes t -  
Control Chass i s  intc the two Detector Chassis. 
Chass i s  and sen t  to the Delay Shift Registers.  
amount of t ime selected by the operator,  the data and EOW signals are fed into the K e y e r s ,  
where they emerge  as tone b u r s t s  for transmission. 

The data is p rocessed  in the Detector 
Once the data h a s  been delayed, by the 

3-2.2. Loop Tes t  Operation - This Model is used to  t e s t  the MEC Model 74 an! the 
MEC Model 72 Data Receiver  simultaneously. 
mrt ter  is fed direct ly  into the Model 74 Data  Rece iver  and data is fed back into Computer  
for  comparing i tagainst  the data sent by the Computer. The  MEC Model 74 T r a n s m i t t e r  
is placed in  the UPERATE mode for  this tes t .  

The output of the Model 74 Data T r a n s -  0 

3-1 
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MASTER SELECTOR Switch, S506, is in the OPERATE position. 

3-3. TEST MODES 

3-3. 1. Monitor Test  - This tes t  mode i s  s imilar  to the operate mode, except for  
Both the select  and ready level and the data pattern are the inputs t o  the Transmit ter .  

generated internally i n  the Transmit ter .  
every 700 milliseconds. 
on the front panel of the Test  Control Chassis . )  
tested by closing the MONITOR TEST switch, S505, on the front panel of the Test  Control 
Chassis.  This switch interrupts the output of Clock A, enabling the operator to  a s c e r -  
tain if Clock B gains control of the Trdnsmitter.  If this is the case ,  the RESET push- 
button, S503, should be pressed  to  place the Transmit ter  under the control of Clock A. 

(Select and ready is cycled approximately once 
The data pattern is controlled by the TEST DATA switch, S507, 

In this mode the monitor circuit  may be 

3-3. 2. Clock A - In this tes t  mode, Clock B is disconnected and Clock A is locked 
into control. Select and ready is cycled approximately once every 700 mill iseconds,  and 
the data pattern is controlled by the TEST DATA switch. 

3-3. 3. Clock B - This tes t  mode is s imilar  to the preceding test mode except that 
Clock B is locked into control. 

3-3.4. Manual A - This tes i  mode allows for  manual insertion of data,  bit by b i t .  
Select and ready i s  controlled by the TEST SELECT & READY toggle switch, S504. 
is controlled by two pushbuttons on the front panel of the Tes t  Control Chassis.  
button, 5501, inserts r t l l t ~  , and pushbutton, S50.2, inser t s  l l 0 l l s  . In this mode, bothclocks 
are disconnected, but the data entry and shifting is entered through tht.  c i rcui t ry  normally 
controlled by Clock A. 

Data 
Push-  

3-3.5. Manual B - This tes t  mode is the same as Manual A except that data entry 
and shifting is entered through the circuitry normally controlled by Clock B. 

3 -2 
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3-4. TEST CONTROL CHASSIS, MEC MODEL 74-5A (Figures  3-1, 9-3 and 9-4) 

3-4.1. Operate Mode 

3-4.1.1. The Test-Control Chassis provides the control and test functions 
f o r  driving the Transmit ter .  
S506, is in the OPERATE position. 
routed through S506D, and leaves the chassis on pins 6 and 7 to  the Detectors. 
en te rs  on pin 4,  is routed through S506E, and leaves the chassis  on pins 8 and 9 to  the 
Detectors. 

In the operate mode, the MASTER SELECTOR switch, 
Select and ready en ters  the chass i s  on pin 3 ,  i s  

Data 

3-4.1.2. TF501 and TF502 a re  1 kc  tuning forks.  These tuning forks  drive 
into N505 and N508 respectively, which amplify and square the signals and provide posi-  
tive feedback to  the tuning forks  to  sustain oscillation. 
are the t r iggers  for  N506 and N509, two 200 microsecond one-shots, which a r e  used to  
t r igger  th ree  circui ts  in each Detector. 
9-15, waveform a.) ,  a t r igger  is sent to  generate a shift request  pulse which is then sent 
back to  the DCC to request the next data bit. (The f i r s t  shift request  pulse,  generated 
after the r i s e  of select  and ready is blocked f rom the DCC; this  insures  that the f i r s t  
data bit is sampled.) 
c i rcui t  which dr ives  relay K501. 
is energized, and the outputs of N509 drive the Transmit ter .  
fails, K501 drops out and the outputs of N506 drive the Transmi t t e r .  
pulse coming f r o m  Detector B now goes to the DCC. 

The outputs of N505 and N508 

On the leading edge of the one-shot (Figure 

The shift request pulse generated in Detector A is monitored by a 
When this shift request pulse is being generated,  K501 

If the shift request  pulse 
The shift request 

3-4.1.3. Two other t r iggers  exist in addition to  the shift request t r i gge r s  
sent t o  each Detector. 
9-15, waveform b.), and one i s  sent to each Shift Register Chass i s  to  t r igger  the core  
d r ive r s  (Figure 9-15, waveform c.). 
chass i s  after passing through K501. 
Transmi t te r .  
ously with the core  shift, and data i s  sampled 200 microseconds la te r .  
Timing Diagram. ) 

One is sent to  each Detector to  generate a sample pulse (Figure 

These two la t te r  t r iggers  a r e  sent t o  the other 
This action resul ts  in only one clock driving the 

The timing sequence is such that a shift request pulse occurs  simultane- 
(See F igure  9-2, 

3-4.1.4. The CLOCK SELECT switch, S508, i s  a manual overr ide switch 
f o r  the monitor circuit. 
should also fail, the operator can give control of the system to  ei ther  clock. 
ready lights, DS501 and DS502, a r e  on when the i r  respective clocks a r e  operating. 
Switch S508 is connected into the relay circuitry only in the operate  mode. 
TOR INDICATOR, 1501, is connected through relay K501. 
ever  the relay is de-energized, giving the operator  a c lear  indication of trouble. 
indicator is a l so  connected to the manual overr ide switch. 
AUTO position, the lamp will glow. 

If the monitor should fail  during operation, and one of the clocks 
The clock 

The MONI- 
This indicator will light when- 

If the overr ide is not in the 
The 

3-4.2. Monitor Tes t  - The Model 74 Data Transmi t te r  operates  essentially the 
same i n  monitor tes t  mode a s  in the operate mode, except that  data is generated intern-  
ally,  as  is select  and ready. 
count input. The output of this  counter is connected to the TEST DATA switch, S507. 
The output of N507 is a 20 volt square wave going f r o m  -20 volts to  0 volts. 
pat tern o r  a "0-1" pattern is selected, t h i s  square wave is fed into N501B and N502B, 
where the level is changed to  0 volts and +12 volts, respectively. 
lected, the input to  N501B is held a t  0 volts. If a "0" pat tern i s  selected,  the input of 
N501B is controlled by a one-shot in the "B'l detector chassis.  
actually contains a "1" approximately 100 microseconds af ter  SOW and every  100 inicro-  
seconds thereaf ter  .) The output of N507 is a l so  fed into the Detector B Chassis  in o rde r  
t o  r e se t  the select  and ready level a t  the co r rec t  t ime. 
Control Chassis  as a -20 volt level for  approximately 100 milliseconds, followed by a 0 
volt level f o r  approximately 600 milliseconds. 
a +I2 volt level, respectively in N501A and N502A. 
is connected in s e r i e s  with the output of N508. 
enabling Clock B to be switched in. 
pushed to rese t  the monitor circuit  a t  which t ime Clock A wi l l  resume control. 

The shift request pulse is used by flip-flop N507 as a 

If a "1 -0" 

If a "1" pat tern is se- 

(An a l l  "0" t es t  pattern 

Select and ready en te r s  the Tes t -  

These levels a r e  converted to  a 0 volt and 

This allows Clock A to be interrupted, 
Ix the monitor tes t  mode, switch S506 

The MONITOR RESET switch S503 must  then be 
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3 - 4 . 3 .  
into control. 

3 - 4 . 4 .  
locked into control. 

Clock A - In this test  mode, Clock B is disconnected and Clock A i s  locked 
The remainder of the chassis operates as it does in the monitor test mode. 

Clock B - This test mode i s  similar to Clock A,  except that Clock B is 

3 - 4 . 5 .  Manual A Test 

3 - 4 . 5 . 1 .  In this test mode, both clocks a r e  disconnected. Data and select 
and ready a r e  controlled manually, data being controlled by the SHIFT ONE and SHIFT 
ZERO pushbuttons, S502 and S501, and the select and ready being controlled by toggle 
switch S504. When S504 is closed, relay K502 i s  closed and applies t 1 2 v o l t s  t o  the se- 
lect and ready lines. 
The output of this one-shot N509 and also holds the input t o  N501B at 9 volts, which i s  a 
"1" input. 

Switch S501 is pushed for a shift "l", which triggers one-shot N503. 

Switch S502 i s  pushed for a shift "O", which triggers one-shot N504. 

3 - 4 . 5 . 2 .  In the Manual A mode, the outputs of N509 are reversed, providing 

The output 

a timing sequence of sample, then shift; rather than shift, then sample. 

3 - 4 . 7 .  Manual B Test - This test mode operates in a similar manner as Manual 
A, except that N506 is triggered instead of N509. 

6 

kg 
&UT0 

Figure 3-1. Test-Control Chassis 
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3-5. DETECTOR A CHASSIS, MEC MODEL 74-3A (Figures 3-2, 9-5 and 9-6) 

3-5.1. General - The Detector A Chassis accepts information from the DCC, 
changes its form, and feeds it into the Delay Shift Register Chassis, wkiich drives 
Transmitters 1 and 2. The Detector A chassis has six outputs: SOW pulses, data 
pulses, E O W  pulses, artificial trll 's , shift request pulses, and a relay driving level 
for  switching clocks in  the Test  Control Chassis. 

3-5.2. SOW, EOW, Data Artificial "1" Circuitry 

3-5.2.1. SOW is generated by N322, a 20 microsecond one-shot. When Se- 
lect  and Ready rises, it is inverted twice by N302A and N302B. 
(pin 5) is differentiated by C312 and R323. 
referenced to -3.5. volts. The positive spike tr iggers N320, a TN9OB flip-flop, causing 
pin 5 to  go from -20 volts t o  0 volts. The next shift request pulse f rom the Test  Control 
Chassis now overcome the bias onCR324 and triggers N321, a ZOO microsecond one-shot. 
When pin 5 of N320 i s  at -20 volts, the shift request pulse is not sufficient to over- 
come the bias on CR324 and N321 i s  not triggered. When N321 times out the pin 5 
output goes from -20 volts to 0 volts and N322, a 20 microsecond one-shot i s  triggered, 
inserting a "1" in the SOW bank of cores in the Variable Delay Shift Register A. When 
N322 times out, the pin 5 output resets  N320. 

The output of N302B 
This output level is changed since R323 is 

3-5.2.3. N313 is a 20 microsecond one-shot connected in ser ies  with the aux- 
i l iary winding of the first data core which i s ,  in turn, connected to pin 6 of emitter fol- 
lower N319 through diode CR312. P i n  6 of N319 is a t  -20 volts when the incoming data 
is at 8 volts, which i s  a "1" level. When N313 fires,  pin 7 goes from -20 volts to 0 volts 
(Figure 9-15, waveform e.). 
current flows through the auxiliary winding, and a "1" i s  inserted. 
is a t r O * l ,  pin 6 of N319 is at  0 volts and CR312 i s  back-biased. 
again r i s e s  to 0 volts, but no current flows in  the auxiliary winding and a "0" is inserted. 
When select and ready falls, N311 i s  set, with pin 5 going to -20 volts and pin 8 going to 
0 volts. 

Since pin 6 of N319 is a t  -20 volts for an incoming "l", 
If the incoming data 

When N313 fires,  pin 7 

?&3A 

Figure 3-2. Detector A Chassis 
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3-5.2.4. The sample t r igger  i s  now s t ee red  away f r o m  N313, since CR306 is 
back biased, and is  coupled to N30P. through CR307. 
that  is fed into the regular input of the first data co re  (F igu re  9-1 5, waveform d. ). Thus, 
when select  and ready is down, artificial "1"s are genera ted  and the data one-shot is d is -  
connected. With the fall of select  and ready,flip-flop N303 is set ,  causing pin 8 to  go to  0 
volts. 

N308 is a 20 microsecond one-shot 

This causes  CR301 to be back biased by 2 volts. 

3-5.2.5. When the f i r s t  ar t i f ic ia l  "1" pulse is generated,  i t  f i r e s  N304, a 20 
microsecond one-shot. 
Regis ter ,  and a l s o  rese ts  flip-flop N303. 
b i a ses  CR301, keeping N304 f r o m  firing a g a i n  until se lec t  and ready rises and then falls. 
In this  manner ,  only one E O W  is genera ted  p e r  word. 

This  pulse is in se r t ed  into the first c o r e  of the E O W  Delay Shift 
P i n  8 of N303 now goes to  -20 volts,  which back 

3 -5.2.6. Flip-flop N307 s t e e r s  the shift t r igger  pulses.  N307 is r e s e t  with the 
r i s e  of select  and ready, pin 5 going f r o m  -20 voiis t o  0 volts,  and pin 8 going f r o m  0 volts 
t o  -20 volts. 
Since the shift t r igger  is l e s s  than 20 volts,  CR304 will  not open, however,  CR303 allows 
the pulse to  go through. 

CR304 is now back biased by 20 volts and CR303 is back b iased  by 2 volts.  

3-5.2.7. Flip-flops N309 and N3 10 a r e  used as  a n  an t i - s l iver  c i rcui t .  When 
select  and ready  r i ses ,  N309 is r e se t ,  pin 5 going to  0 volts, and pin 8 going to  -20 volts. 
N310 is in the set condition, with pin 5 a t  -20 volts. 
N309, causing pin 8 to go to  0 volts. This positive-going pulse is coupled through capaci-  
t o r  C314 and r e s e t s  N310, causing pin 5 to  go to  0 volts. 
CR305 to  2 volts instead of 20 volts. The second shift t r i g g e r  now opens CR305 and t r i g -  
g e r s  N318, a 10 microsecond one-shot. 
waveform f . ) ,  is the shift request  pulse that is sent to the Tes t -Cont ro l  Chass i s .  

The first shift t r i g g e r  t o  a r r i v e ,  s e t s  

Th i s  changes the back b i a s  on 

The output of th i s  one-shot,  pin 8 (F igu re  9-15, 

3-5.3. Monitor C i rcu i t ry  

3-5.3.1. The output of N318 is monitored so that i f  a shift request  fa i lure  O C -  

c u r s ,  the Model 74 Data Transmi t t e r  will  switch over  to  the redundant c i rcu i t  in  Detector 
B. The moni tor  circuit  consis ts  of one-shot N314, pulse amplif ier  N315, one-shot N316, 
and flip-flop N317. 
N314, a 500 microsecond one-shot. 
level changed by N315. 
pulse f r o m  0 volts t o  -20 volts, and the output of N315 is a positive-going pulse  f r o m  -10 
volts t o  t12 volts. When pin 4 of N315 is a t  +12 volts,  CR309 conducts, holding pin 6 of 
N316 a t  +12 volts. Pin 6 is the positive side of the timing capaci tor  of one-shot N316. 
This means  that as long as CR309 is conducting, N316 is in i t s  unstable s ta te ,  and will 
r e v e r t  to i t s  s table  state a t  some delay t ime  af te r  CR309 opens. 

It operates  as follows: the shift request  pulses  f r o m  N318 t r i g g e r  
The output of this one-shot is inverted and has  its 

Thus,  the output of N314 is a 500 microsecond negative-going 

3-5.3.2. If shift request pulses  a r e  not being generated,  N314 is not t r i g -  
ge red  and CR309 stays open. 
-20 volts t o  0 volts. 
P i n  8 is connected in s e r i e s  with a relay in the Tes t -Cont ro l  Chass i s  which is t ied to  -20 
volts. 
pulse f r o m  Detector A to go to  the DCC. When pin 8 of N317 goes  to  -20 volts,  the r e l ay  
drops  out and the secondary shift request pulses begin operating. 

N316 then completes i t s  t ime  delay and pin 5 goes  f r o m  
Flip-flop N317 is then r e s e t ;  pin 8 going f r o m  0 volts t o  -20 volts. 

When pin 8 of N317 is a t  0 volts,  the re lay is energ ized  and allows the shift r eques t  
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3-5 .  3 .  3.  After N317 is  rese t  by N316, i t  m u s t  be returned to i t s  s e t  condi- 
tion by pushing the RESET pushbutton S503, on the front panel of the Test -Control  C h a s s i s  
This  sends  a pos i t ive  pulse  to pin 3 of N311, causing pin 8 to go  to 0 vo l t s .  
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3-6. DETECTOR B CHASSIS, MEC MODEL, 74-3B (See Figures 3-3, 9-7 and 9-8) 

3-6.1. The Detector B Chassis converts data from the DCC and inser ts  i t  into a 
Yar'iable Delay Shift Register which drives t ransmit ters  3 and 4. 
runs in parallel  with Detector A. 
inserted into Shift Registers where they a r e  delayed before driving t ransmit ters  3 and 4. 
This operation is entirely independent of Detector A, which furnishes data, SOW and EOW 
signals to t ransmit ters  1 and 2. Also included in this chassis is the circuitry for generat- 
ing the Test ZERO Data Level and the secondary Shift Request pulse. 

This chassis essentially 
The data, SOW and EOW outputs from Detector B a r e  

3-6.2. There a r e  eight outputs from the Detector B Chassis. A SOW pulse is gen- 
erated for  insertion into a shift register when Select and Ready r ises;  an EOW pulse is 
inserted at the fall of Select and Ready. 
a r e  generated when the Model 74 i s  not selected. The data level for  an all "0" test  pat- 
te rn  is  generated in this chassis. 
seconds. ) 

Data is sampled and inserted also. Artificial "1"s 

(An all "0" has a "1" a pproximately every 100 micro- 

NOTE 

Artificial ''1"s a r e  identical to data "1"s 
but a r e  transmitted when the Data Trans-  
mit ter  is deselected. The Model 75 Re- 
ceiver utilizes these artificial "1" to  
maintain correct  AGC levels and to keep 
in synchronization with the Data Trans- 
mitte r. 

DETECTOR 6*2 

74-38 

Figure 3-3.  Detector B Chassis 
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3-6.4. Test Select and Ready is genera ted  in  this  chass i s .  When in  a test mode,  
the T e s t  Select and Ready s o  that periodically r i s e s  and falls so  that SOW, EOW and 
Selected data can be generated. 

NOTE 

In norma l  operation the Data T r a n s -  
m i t t e r  t r a n s m i t s  t o  the MEC Model 
75 Rece iver ,  which does not use a 
SOW signal. When loop testing, how- 
e v e r ,  the Data T r a n s m i t t e r  t r a n s m i t s  
t o  a MEC Model 72 Receiver ,  which 
r e q u i r e s  a n  SOW signal. 

Tes t  se lec t  and ready is a l s o  zenera ted  in  the Detector B Chass i s ,  operating i n  the Mon- 
i t o r  T e s t ,  Clock A ,  o r  Clock B modes.  Th i s  is used  t o  r a i s e  and  lower  select and ready  
periodically f o r  testing purposes .  

3-6. 5. N310 is a flip-flop used f o r  s teer ing purposes .  It is se t  by the fall of se- 
lec t  and  ready  and r e s e t  by the r i s e  of se lec t  and ready. 
continuously on pin 8 of TJ301 (F igu re  9-15 waveform b.) ,  and a r e  t imed  t o  a r r i v e  200 
microseconds  after the Delay Shift Reg i s t e r s  have shifted. 
pin 5 of N310 goes to  0 volts and pin 8 goes to  -20 volts. 
of CR306, while the cathode is a t  -0.3 volts. 
cathode is at -0.3 volts. 
through CR306, but does p a s s  through CR308, t r iggering N3 13. 

Sample t r i g g e r  p u l s e s  e n t e r  

When se lec t  and  ready  rises, 
This  puts -20 volts on the anode 

T h e  anode of CR308 is at -2 vol ts  while the 
Since the sample  t r igger  is l e s s  than 20 volts,  it does  not p a s s  

3-6.6. N313 is a 20 microsecond one-shot that  is connected in  s e r i e s  with the aux- 
i l i a ry  winding of the first data co re  which is, in turn ,  connected t o  pin 6 of N312, through 
CR307. 
N313 fires, pin 7 goes f r o m  -20 to  0 volts (F igu re  9-15 waveform e . ) .  Since pin 6 of N312 
is  at -20 volts f o r  an incoming "l", c u r r e n t  flows through the auxi l iary winding, and  a "1" 
is inser ted.  If the incoming data is a "O", pin 6 of N312 is a t  0 volts, and  CR307 is back 
biased. When N313 f i r e s ,  pin 7 again rises to  0 volts,  but c u r r e n t  does  not flow in  the aux-  
i l i a ry  winding and  a "0" is inser ted.  When se lec t  and ready  falls, N310 is set, with pin 5 
going t o  -20 and  pin 8 going t o  0 volts. The  sample  t r i g g e r  now is s t e e r e d  away f r o m  N313, 
since CR308 is back b iased  and is coupled to  N311 through SR306. 

P i n  6 of N312 is a t  -20 volts when the incoming data (a " l t l )  is at 8 volts. When 

3-6. 7. N311 is a 20 microsecond one-shot fed into the r egu la r  input of the first data  
Thus, when select  and  ready is down, a r t i f ic ia l  "1"s are c o r e  (Figure 9-15 waveform d.) .  

genera ted  and the data one-shot is disconnected. 
N303 is se t ,  causing pin 8 to  go to  0 volts. 
first a r t i f ic ia l  "1" pulse is generated,  it f i r e s  N304, a 2 0  mic rosecond  one-shot. Th i s  
pulse is in se r t ed  in the first c o r e  of the EOW delay shift r e g i s t e r  and  a l s o  resets N303. 
P i n  8 of N303 now goes to -20 volts,  which back b i a s e s  CR301, keeping it f r o m  f i r ing 
again until se lec t  and ready r i s e s  and then falls. 
e r a t e d  p e r  word. 

With the fall of select  and  ready, flip-flop 
This  back b i a s e s  CR301 by 2 volts. When the 

In th i s  manner  only one EOW is  gen- 

3 -6.8. N305, N306, and N307 compr i se  the shif t  r eques t  c i rcu i t ry .  
ready  falls, flip-flop N306 is  se t ,  and pin 5 goes  to  -20 volts,  back biasing CR303 by 20 
volts. 
second one-shot. 
volts and pin 5 going to 0 volts. 
pin 8 to  go to  0 volts. 
and r e s e t s  N306. 
N305. 
u re  9-15 waveform f . ) .  
Chass i s .  
They a l s o  delay sending the f i r s t  shift r eques t  pulse  f o r  at least one mil l isecond,  after the 
r i s e  of se lec t  and  ready. 

When se lec t  and  

Thus the shift t r i g g e r ,  which is less than 20 vol ts ,  cannot fire N305, a 10  m i c r o -  
When select  and ready r i s e s ,  flip-flop N307 is r e s e t ;  pin 8 going t o  -20 

The next shift t r i g g e r  that  comes  in, sets N307, causing 
Th i s  positive-going signal is a - c  coupled through capac i to r  C309 

Pin 5 of N306 now goes to  0 volts. allowiiig the next shift  t r i g g e r  t o  fire 
The output of N305 is a positive-going pulse  going f r o m  -20 volts to  0 volts (F ig -  

This is the shift request  pulse  which is f ed  into the  Tes t -Con t ro l  
N306 and N307 thus a s s u r e  the first shift request  t r i g g e r  does  not f i r e  N305. 

N306 and N307 a r e  called a n  ant i -s l iver  c i rcui t ,  the purpose  of 
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a which is to  prevent the generation of a shift request  until the first data bit  is sampled at 
l e a s t  once. 

3-6.9. F o r  generating SOW, Zip-flop N319, is t r igge red  with the r i s e  of Select 
and Ready, causing pin 5 to  go to  0 volts. 
e d  through the AND gate consisting of R357, R358, C331 and CR319. 
out 200 microseconds  l a t e r ,  N318, a 20 microsecond one-shot, i n s e r t s  a "1" into the 
SOW shift  reg is te r .  
t o  -20 volts and inhibits N314 f r o m  being t r iggered on the next c o r e  dr ive t r igger .  

On the next co re  d r ive  t r i g g e r  N314 is t r i g g e r -  
When N314 times 

The trail ing edge of N318 then r e s e t s  N319 causjng pin 5 to  r e t u r n  

3 -6.10. Networks N3 15 and i'J316 a r e  used to  generate  a cyclic T e s t  Select and 
Ready. These TN's  a r e  both one-shots which are cross-connec ted  s o  that the t ra i l ing 
edge of N315 t r i g g e r s  N316 and vice-versa.  
imately 600 microseconds ,  and N3 15 has  a period of approximately 100 microseconds .  
When pin 7 of N316 goes positive, it rese ts  N317, causing pin 5 to  go to  0 volts. Th i s  
0 volts is then sent t o  the T e s t  Control Chassis at the r i s e  of Select and Ready. When 
the Model 74 Data T r a n s m i t t e r  is in the Monitor Tes t ,  Clock A, o r  Clock B modes,  the 
output of a counter driven by the shift request pulse is fed into Detector B Chassis .  
output of this  counter is switched f r o m  one collector t o  the other  when going f rom a "0-1" 
test pattern.  
f r o m  the counter in Test-Control,  s e t s  flip-flop N317, causing pin 5 of N317 to  go t o  
volts. 
t o  s imulate  the r i s e  and fall of select  and ready. 

Network N316 has  a t ime  per iod  of approx-  

The 

After  pin 5 of N316 goes to  0 volts,  the next positive-going voltage coming 
20 

The  output of pin 5 is fed into Test-Control and  is r a i s e d  to  a higher  voltage level  

3-6.11. The counter that  t r i g g e r s  N317 a l so  supplies the data level  in the T e s t -  
Control Chassis .  If the data pat tern is "1-0" and N316 has  jus t  completed its t ime  de- 
lay,  sending the voltage at pin 5 of N316 to 0 volts,  the output of the counter fed to De- 
tec tor  B Chass is  is taken f r o m  the same  collector as that fed into the data line. I f ,  in 
addition, a "1" was just  sampled on the data l ine,  a shift request  will occur  and the count- 
e r  will  r e v e r s e  its output, causing a negative-going voltage to  appea r  on the t e s t  se- 
lec t  and ready r e s e t  line. 
a "0" 800 microseconds  a f t e r  sampling. 
input t o  the data l ines will  now show a "1". 
spike at pin 6 of N317 and se t  N317. 
ready  falls. 
data bit sampled will be a "O", and a 111-0'' pa t t e rn  is  created.  
opposite output of the counter i s  fed to  N317, while the s a m e  output is fed t o  the data l ine,  
and a "1" is the last bit sampled. N315 then completes its t ime  delay, t r iggering N316. 
When N316 is t r iggered,  N317 is r e s e t ,  causing select  and ready  to  rise; then the cycle 
is  repeated. 

The data is sampled 200 microseconds  l a t e r ,  a d  will show 

However, this  same "1" caused a positive 

Select and ready will fa l l  before the next sample  t ime ;  therefore ,  the last 

Another shift request  will  occur.  The counter 

P i n  5 on N317 now becomes  negative and select  and  

F o r  a "0-1" pat tern,  the 

3-6.12. When N317 is r e s e t ,  the d-c gating input to N320 and N323 is raised.  

When the pin 6 inputs to  N320 and N323 a r e  r a i sed  t o  0 volts,  
N320 and  N323 a r e  1O:l counters that provide a n  output pulse when the pulse inputs have 
been pulsed 10 times. 
the counters  a r e  inhibited. 
lowered and the inhibit function is removed. 
1 1 5  microsecond one-shot. 
N323. 
"1" in the t e s t  data word. 
in a n  all 'Ut' t e s t  pattern.  

When N317 is se t ,  the gating inputs to  N320 and  N323 are 

This  one-shot pulses  N320. 
The t ra i l ing edge of N3 13 then t r i g g e r s  N321 , 

The output of N320 then pu l ses  

In this  manner a "1" is in se r t ed  every  100 mill iseconds when 
This gives a 1 O O : l  countdown. When N323 f i r e s ,  it t r i g g e r s  N322 and i n s e r t s  a 
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3-7. DATA KEYER, MEC MODEL 71-12A (Figures 3-4, 9-9 and 9-10) 

3-7. 1. The Data Keyer has three signal inputs: SOW, data, and EOW. All of these 
inputs a r e  positive going pulses of 10 volts amplitude and of approximately 10 microseconds 
duration. By proper adjustment, the Keyer responds to  these pulses by transmitt ing bursts  
at a frequency of 2kc for  2 1 /2 milliseconds for SOW, 1 / 2  millisecond for  data, and 4 1 / 2  
milliseconds for  E O W ,  respectively. In addition, the Keyer is designed to  permit  record-  
ing of the da ta  and, if desired,  to accept the data f rom a recorder  instead of the normal  
input pulses. 

3-7.2. When any of the one-shots, N1201, N1202, o r  N1203, a r e  tr iggered, i t s  pin 5 
goes f rom 0 volts to -25 volts. 
consisting of res i s tor  R1201, and diodes CR1201, CR1202, and CR1203. When one or  more  
of these one-shots a r e  tr iggered, the grid of V1201A goes to  -25 volts, and V1201A is cut 
off. This allows the magnetic field built up around inductor L l20 l  to  collapse, and the tank 
circuit  of inductor L1201, and capacitors C1202, and C1203 starts ringing. These osci l -  
lations a r e  sustained by VlZOlB, shaped by L1202 and C1204, and a r e  then amplified by 
V1202A. After amplification, they are  fed into V1202B where equal and opposite outputs 
appear on the plate and cathode. 
operating push-pull. 
sion line. 
sist ing of C1208 and R1217 is utilized. 
C1209, R1218, and R1219 a r e  used. 
2000 cps) by varying L1201. 
for compensating any deviation of L1202 and C1204 f rom their  stated values. 
this res is tor  is determined during testing procedures.  

The outputs of these one-shots a r e  t tORtt  gated, the gate 

These outputs a r e  fed into V1203, a twin triode,  which is 
Tl2Ol is used to match the push-pull output t o  a 600 ohm t r ansmis -  

For  stabilization and reduction of distortion, a negative feedback circuit ,  con- 
To attenuate the signal for recording purposes,  

The frequency of the output is adjusted (normally to  
Connected in parallel  with L1202 and C1204 is a res i s tor  used 

The value of 

3-7.3. Lf it  is desired to  transmit signals that have been recorded, Kl2Ol is ene r -  
gized, switching the input to  Vl202A from the internal oscil lator to  pin 9 of P1201 which is 
connected to the output of a magnetic tape recorder .  
high pass fi l ter  to  minimize hum and extraneous noise. 

C1205 and R1208 a r e  utilized as a 

3-7.4. The high voltage Power Supply for the Data Keyer Chassis is contained in-  

0 
ternally,  120 vac, 60 cycles,  entering on pins 39 and 40 of P1201. 
TI202 and is rectified and fi l tered.  
high voltage supply. 

This passes  through 
V1204 and V1205 maintain a voltage reference for the 

Figure 3-4. Data Keyer Chassis 
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3-8. VARIABLE DELAY SHIFT REGISTER, MEC MODEL 74-8A and MEC MODEL 74-8B 

(Figures 3-5, 9-11, and 9-12) 

3-8.1. The Variable Delay Shift Register delays data SOW and EOW to  transmitters.  
Network N2, N9 and N5 a r e  blocking oscillators used to  shift the magnetic cores  used in the 
Chassis. 
t o  pin 1 of P1. Data is shifted in cores M41 through M60 (not in that order). 
layed in  M12 through M2O and M22 through M29 (not in that order);  EOW is delayed in  cores  
M2 through M11 and M30 through M39 (not in that order). 

All three blocking oscillators trigger in parallel when a trigger pulse is applied 
SOW i s  de- 

3-8.2. Data is inserted in the auxiliary winding of M49, artificial "1"s are inserted 
into the input winding of M49, SOW i s  inserted in the input winding of M12, and EOW is in- 
serted into the input winding of M2. 
nected to two switches in addition to being run to the input of the next core in  the string. 
The data and EOW strings have three more cores  than does the SOW string. Since each 
core represents one time slot, data pulses and EOW pulses and EOW pusles a r e  delayed 
three time slots with respect to a SOW pulse. 
microsecond transmission of SOW from akeyer.  

The output of the last  17 cores  in each string is con- 

These three time slots allow for the 2.5 

3-8.3. The switches used in the chassis a r e  three-pole, 17-position rotary type, 

The switches a r e  so  wired that if a pulse i s  inserted into the data, SOW and 
with data routed through one pole, SOW routed through the second pole and EOW routed the 
third pole. 
EOW strings simultaneously, the SOW pulse will appear three time slots ahead of data 
and EOW. 

3-8.4. The two switches have their respective stationary contact wired to the out- 
put of the same time related core in each string. 
keyer to the Shift Register, the inputs to each keyer may be delayed independently of each 
other. The rotary contacts of each switch then feed data, SOW and EOW to a keyer, and 
EOW and data outputs one-shots in the chassis. 
located on the front panel of each chassis and give a visual indication to the operator that 
data and EOW are being sent to the keyers. 

Since each switch i s  used to  correct  one 

These one-shots drive neon indicators 

3-8.5. Since the cores  a r e  shifted once every millisecond, the switch position on 
the front panel indicates a delay time in milliseconds when referenced to each other. 

3-8.6. The only difference between the 74-8A and 74-8B registers is the front panel 
engraving, the 8A reading XMTR #1 three XMTR #2, the 8B reading XMTR #3 and XMTR#4. 

Figure 3 -5. Variable Delay Shift Register 
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3-10. RECORDER CONTROL CHASSIS, MEC MODEL 74-7A (Figures 3-7, 9-16,9-17) 

3-10.1. General 

3-10. 1.1. The function of the Recorder Control Chassis is to select 

live data from the Impact Predictor (IP) IBM-7090 and Burroughs -General Electric 

(B-GE) Computers at Cape Canaveral or it will select the playback of recorded data 

f rom either o r  both of these sources from Operational Data Recorder (ODR) 1. The 
unit will also provide a Control function to select live data from the Goddard Space 

Flight Center (GSFC) IBM-7090 Computer for transmission to the Mercury Control 

Center, o r  to select the playback of this recorded data for transmission to the 

Mercury Control Center from ODR 2. Therefore, ODR 1 is used for recording and 

playing back of a l l  high-speed data inputs to the GSFC, whild ODR 2 is used for the 

recording and playing back of data that originates at  GSFC. 

Record and Playback mode of the ODR's a r e  mounted on the Tape Deck of these units. 

The Recorder Control Chassis provides the selection of data only. 

The controls for the 

3-10. 1.2. INPUT SELECT switch S701 controls the selection of input 

data from Cape Canaveral to Data Receiver, MEC Model 72, at GSFC. The four 

positions of the switch are OPERATE, B-GE, IP, and B-GE/IP. The function of 

each position is discussed in  the following paragraphs. 

OUTPUT SELECT INPUT SELECT 

Figure 3-7. Recorder Control Chassis 

?+?A 

3-19 



ME 905 

Rev. 6/22/62 

3-10. 1.3. The function of the OUTPUT SELECT switch, S702, is to 

allow data that is  being transmitted by the MEC Model 74 Data Transmi t te r  to  Cape 

Canaveral  to be recorded by ODR 2 and played back at some future t ime. The four 

inputs of Data Keyers 1 through 4 in  the Model 74 Data Transmit ter  are coupled to  

the Record inputs of ODR 2. The two positions, OPERATE and PLAYBACK, of 

OUTPUT SELECT switch S702 a r e  discussed in the following paragraphs.  

3-10. 2. OPERATE (INPUT SELECT Switch) 

When the INPUT SELECT switch is in  the OPERATE position, the IP 

Input l ines 1 and 2 and the B-GE Input l ines 1 and 2 will be connected, via the nor -  

mally closed contacts of re lays  K701 through K704, to the Data Line Amplifier (DLA) 

inputs 1 through 4, respectively. 

the Record inputs 1 through 4 of ODR 1. 

Cape Canaveral  (IP and B-GE Computers) will be direct-coupled to the input of the 

DLA's in the Model 72 Data Receiver.  

will be recorded on magnetic tape. 

The DLA inputs 1 through 4 a r e  a l so  connected to  

If ODR 1 i s  in  the Record mode, data f rom 

If ODR 1 i s  in  the Record mode, this data 

3-10.3. B-GE (INPUT SELECT Switch) 

When the INPUT SELECT switch is i n  the B-GE position, re lays  K703 

and K704 will be energized, via contact 2 of S701B. if ODR 1 is in  the Playback mode. 

This will allow -20 volts to be coupled through the normally closed set of contacts of 

K2 and the closed se t  of contacts of K1 in the ODR to  the wiper of S701B. 

switch in  the B-GE position, the wiper will be connected to  contact 2 of S701B, which 

will couple -20 volts to pin 3 of K703 and K704. This will likewise energize indicator 

1702, indicating the INPUT SELECT switch is in  the B-GE position, and the Recorder  

(ODR 1) is in  the Playback mode. When K703 and K704 a r e  energized, their  normally 
closed se t s  of contacts will open, disenabling data on B-GE Input l ines  1 and 2 f rom 

being coupled to  DLA 3 and 4 inputs, respectively. The normally open contacts of 

K703 and K704 will be closed, coupling the Tape outputs 3 and 4 t o  DLA 3 and 4 inputs, 

respectively. 

Input l ines 1 and 2, respectively. 

position, i t  does not affect the incoming IP data; that is, the IP Input l ines 1 and 2 a r e  

s t i l l  direct-coupled via the normally closed contacts of K701 and K702 to  DLA inputs 

1 and 2. 

With the 

The Tape outputs 3 and 4 a r e  the playback of the pre- recorded  B-GE 

When the INPUT SELECT switch is i n  the B-GE 

3-10.4. IP (INPUT SELECT Switch) 

When the INPUT SELECT switch is in the IP position, and ODR 1 i s  i n  

the Playback mode, -20 volts will be coupled via K2 and K l  of ODR 1 to  the wiper of 
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S701A. 
to  contact 3 of S701A, which is connected to pin 3 of K701 and K702, causing these 

relays to become energized. 

switch is in  the IP position and ODR 1 is in the Playback mode. 

lines 1 and 2 will be disconnected from the inputs of DLA 1 and 2. 

set of contacts of K701 and K702 will now close, allowing Tape outputs 1 and 2 to  be 

direct-coupled to the DLA 1 and 2 inputs. IP data will no,v be played back from the 

magnetic tape to DLA inputs 1 and 2. When the switch is in the IP position, it will 

not prevent the B-GE Input lines 1 and 2 f rom being coupled to  the input of DLA's 3 

and 4, respectively. 

Since the switch is in the IP position, -20 volts will be coupled via this wiper 

It will also cause indicator I703 to  light, indicating the 

The IP data on input 

The normally open 

3-10.5. B-GE/IP (INPUT SELECT Switch) 

When the switch is in the B-GE/IP position, and ODR 1 is in  the Playback 

mode, -20 volts on the wiper of S701A will be coupled to relays K701 and K702 and 
indicator I703 via contact 4 of S701A. 

be coupled to -20 volts via contact 4 to the wiper of S701B. 

energized, K701 through K704, causing the live data 3n IP Input lines 1 and 2 and 

B-GE Input lines 1 and 2 to be disconnected f rom the inputs of DLA 1 through 4, r e -  
spectively. The normally open contacts of K701 and K704 will now close, allowing 

the pre-recorded data of these live inputs to  be played back to the inputs of DLA 1 

through 4. Both the B-GE and IP indicators will be lit, signifying the inputs to the 
Model 72 Receiver a r e  f rom the magnetic tape on ODR 1. 

Relays K703 and K704 and indicator I702 will 
411 of the relays will be 

3-10.6. OPERATE (OUTPUT SELECT Switch) 

When the OUTPUT SELECT switch, S702, is in  the OPERATE position, 

and ODR 2 is in the Record mode, data that i s  being transmitted from the Model 70 
Data Transmitter will be recorded by ODR 2. 

3-10.7. PLAYBACK (OUTPUT SELECT Switch) 

When the OUTPUT SELECT switch is i n  the PLAYBACK position, and 
ODR 2 is in  the Playback mode, -20 volts will be coupled via the closed contacts of 

K2 and K l  in ODR 2 to  the wiper of S702, and via contact 6 of S702 to  the TRANSMIT 
indicator, 1701. This voltage will also be coupled from S702 t o  P701-49, where via 
rack wiring it will be connected to pin 12 of the relays in Data Keyers 1 through 4, 
causing these relays to become energized. 
energized, the data that is received by the Data Transmitter from the IBM-7090 

Computer will not be transmitted by the Data Keyers. 
tape'of ODR 2 (previously recorded Computer data) will be played back to  Data 

Keyers 1 through 4 s o  that this data will be transmitted to Cape Canaveral. 

When the relays in  the Data Keyers are 

Data that is on the magnetic 
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CHAPTER IV 
OPtRATION 

With a l l  rack connectors properly connected, and a -c  power supplied to the Data 
Transmi t te r ,  the following steps are required to  make the unit operative: 

a. Place the main power switch S W 1 ,  located a t  the r e a r  of the rack, 
to  the ON position. 
rack will light. 

P lace  power switch S401, on the Power  Control Chassis  to  the 
ON position. 

The r ed  power indicator I1 a t  the rear of the 

b. 

c. 

d. 

Allow approximately one minute for  w a r m  up t ime. 

Check all voltages on the Power Control Chassis  with a voltmeter.  
The voltmeter should read between 9. 5 and 10. 5 in all positions 
of the VOLTAGE SELECTOR switch S402 (except the OFF position). 

e. Turn the MASTER SELECTOR switch S506,  on the Test-Control 
Chassis ,  to  MONITOR TEST. If the MONITOR INDICATOR is on, 
push the MONITOR RESET button. 

Select the data pattern desired with switch S507. 
DATA switch i s  already on the desired pattern,  rotate it to  
another position; then return i t  to  i t s  original position. 
s ta r t  the select  and ready oscillator. 

Observe the indicator lamps on the Shift Register Chassis.  
should now be blinking. 

Monitor the output of Data Keyer # I ,  using a n  oscilloscope with a 
delayed sweep. 
e r s  tes t  jack and place the probe on pin 5 of the t e s t  jack. 
SOW signal should be a five cycle burs t  of a 2 kc c a r r i e r .  
data bi ts  should be 3 .  1 volts in amplitude, peak to  peak, and one 
cycle of a 2 kc car r ie r .  The E O W  signal should be a nine cycle 
burs t  of the 2 kc c a r r i e r ,  and should be preceded ->y the pattern 
selected on the TEST DATA switch. 
pattern,  a 810" will precede the E O W .  
ha l f  of a t ime slot. An all " 1 " s  pattern i s  one cycle of 2 kc fol- 
lowed by 1 / 2  millisecond of the base line, this  pattern being r e -  
peated a s  often as required. 

Rotate the TEST DATA switch and observe the output in each data 
pattern.  (The all "0" pattern has  a single "1" inser ted approxi- 
mately 75 microseconds af ter  SOW and every 150 microseconds 
thereafter .) 

Push  the monitor TEST switch, S505. The indicator lamps should 
come on and the output will remain the same (it is possible for  one 
word to be ruined during switching of the monitor circuit) .  

Observe the output of each data pattern.  

f .  If the TEST 

This will 

g. They 

h. 
Place the oscilloscope ground on pin 7 of the Key- 

The 
The 

F o r  example: in a "1-0" 
Each data bit  f i l ls  only one 

i. 

j. 

k. 
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1. P u s h  the monitor RESET switch, S 5 0 3 .  The moni tor  indicator 
lamp will t u r n  off, and the data will  r ema in  the same.  

Repeat s teps  i through n on each  Data Keyer. m. 

The Model 74 Data T r a n s m i t t e r  is now ready to operate  and  will  p e r f o r m  as des -  
cr ibed in previous Chapters.  
r ead  and completely understood be fo re  operating the equipment. 

It is strongly urged that this  instruction book be thoroughly 
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CHAPTER V 

INSTALLATION 

5 - 1. EXTERNAL CONNECTIONS 
Provis ions should be made to supply the Model 74 Data Transmi t te r  with 120 vac 

a t  l e s s  than 10 amperes  a s  power input. 
J15  a t  the r e a r  of the rack. Connections between the Transmi t te r  and the DCC a r e  made 
a t  J17, and 516 s e r v e s  a s  the connector for the telephone voice lines. 

The Transmi t t e r  rece ives  a -c  power through 

5-2.  PHYSICAL PLACEMENT 
The rack should be installed on a reasonably flat surface,  and if  it i s  to be in- 

stalled near  a wall, i t s  r e a r  portion should not be l e s s  than three  feet  f rom the wall. 
This  enables easy access  to the rack through the r e a r  door. 

5 - 3 .  ADJUSTMENTS AND CABLE FABRICATION 
Adjustments and procedures  to be executed p r io r  to operating the equipm2nt will 

be found in CHAPTER IV,  OPERATION. 
wil l  be found in CHAPTER VIII, WIRE LIST. 

Wire s ize  and cable fabrication information 

5- I 
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CHAPTER VI 

MAINTENANCE 

6- 1. CORRECTIVE MAINTENANCE 

6-1. 1. The f i r s t  s tep in correct ive maintenance i s  to become acquainted with the 
TN networks l is ted in the Appendix of this manual (Chapter X). In the following pro-  
cedures ,  it  i s  assumed that the maintenance technician has  done this. 
that the technician is acquainted with semiconductor devices,  their  operation and limit- 
ations,  and procedures  for  determining when they a r e  not functioning. 

It is a l so  assumed 

6-1. 2. The f i r s t  procedure to be followed when trouble occurs  i s  to check all 
power supplies by means of the indicator l ights and the vol tmeter ,  a l l  of which are  
located on the Power Control Chassis ,  
the voltage a t  each chassis .  
the c o r r e c t  pin numbers  can be found for each voltage to be checked. 

If these prove to  be operating cor rec t ly ,  check 
By referr ing to the schematics  of the individual chass i s ,  

6-1. 3. The next general  procedure to be followed is  that of checking the outputs 
of each chass i s  and comparing the output to the input to see  i f  a discrepancy exists.  
Once the trouble has  been isolated to a par t icular  chass i s ,  the technician will find a 
de ta i led  explanation of each chass i s  in CHAPTER 111, THEORY O F  OPERATION. 0 

6-1. 4. The Test-Control Chassis should be checked f i rs t .  The outputs of this 
chass i s  a r e  controlled by the tuning forks,  driving one-shots and emit ter  followers. 
These  outputs a r e  fed to the other  c h a s s i s  and should be observed on TJ501. In the 
monitor tes t  mode, outputs should appear on pins 10, 13, 21, 22, 23, and 24. If any of 
these  a r e  missing, o r  i f  they a r e  not grea te r  than 15 volts in amplitude, e i ther  TF501, 
N505, N506, TF502, N508, o r  N509 a re  not functioning correct ly .  If these c i rcu i t s  a r e  
a l l  operating correct ly ,  check the Detectors. 
check the Shift Regis te rs ,  and i f  these a r e  not a t  fault, check the Keyers.  

If the Detectors a r e  functioning correct ly ,  

6-1. 5. By following the block diagram 3f the sys tem and using the schematics  of 
the chass i s  (Chapter IX) any trouble should be isolated in a shor t  time. 

6-2. PREVENTIVE MAINTENANCE 

6-2. 1. Check the Data Keyers periodically for  proper  adjustment. The first  
adjustm2nt made shall  be on the 2kc oscil lator.  
w a r m  up for  30 minutes,  then jumper pin 2 of V1201 to -25 volts. 
oscil loscope, compare pin 6 of V1202 to pin 23 of TJ501 on the Test-Control Chassis.  
Since the output of pin 23 of TJ501 has a lkc  repetition r a t e  the output of pin 6 of V1202 
mus t  occur  twice a s  often. Adjust L1201 to obtain the proper  2:l ra t io  between the two 
t r a c e s  on the scope. 

To accomplish this,  allow the Keyer to 
By using a dual t r ace  

Then remove the jumper  between pin 2 of V1201 and -25 volts. 

6-2. 2. With the Transmi t t e r  in the mDnitor tes t  mode, place loop tes t  switch 
O N ,  choose an a l l  "1"s data pattern,  and adjust  the t ime delays of N1201, N1202 and 
N1203. To do this,  observe the output of the Keyer. The data pulse should be onecycle  
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of 2 kc  with a minim'rm of overshoot (0. 5 millisecond). 
obtain this result .  
cycles  of 2kc with a minimum s f  overshoot ( 2 .  5 milliscc-ond), and adjust  R1227 for  an  
EOW burst  that i s  nine cycles wide (4. 5 millisecond). 

Adjust potentiometer R1225 to 
After R1225 i s  adjustc,J, adjust  R1226 so that the SOW burst  is five 

6-2. 3. While st i l l  observing the output, adjust  L1202 to produce a nar row sine 
wave; then adjust  R1209 to se t  the required output level. 

6-2. 4. Adjust the d-c voltage when necessary  by monitoring the vol tmeter  on the 
All potentiometers for  adjusting voltages are  located on the 

Adjust each one until the volt- 
Adjust the d-c voltages periodically by using a Triplet t  630NA VOM or  

Monitor these voltages f rom the front  panel of each Power  Supply and adjust  
Record the reading of the panel 

The panel me te r  may now be used 

Power Control front panel. 
front panel of the Power Supplies and a r e  plainly labeled. 
meter  reads  10. 
equivalent. 
them by the potentiometers located on the front panels.  
mpter  on the Power Control Chass i s  in each setting. 
for day to day voltage checks. 

6-2. 5. I t  i s  strongly urged that this instruction book be thoroughly read and c o m -  
pletely understood before opera t ing  the equipment. 
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The MEC Model 74 Data Transmit ter  consists of the following assemblies: 

Quantity 

4 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

As s embly 

MEC Model 71-12A, Data Keyer 

MEC Model 74-5A, Test  Control 

MEC Model 74-3A, Detector 

MEC Model 74-3B, Detector 

MEC Model 74-8A2, Variable Delay Shift Register 

MEC Model 74433, Variable Delay Shift Register 

MEC Model 74-4A, Power Control 

MEC Model 74-7A2, Recorder Control 

MEC Model 165-4C, Power Supply 

Blower 

MEC Model 74-9A, Four  Channel Tes t  Data Keyer 
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, -  

i 12-1 
I 
I 12-2 

1 12-3 
I 
, 12-4 

12-5 

12-6 

12-7 

12-8 

12-9 

12-10 

12-11 

12- 12 

12-13 

12-14 

12-15 

, 12-16 

12-17 

I 

12-18 

0 

c1201 ' 
c1205 
Cl2Q9 
C1214 
Cl202 
C1203 

C1204 

C1206 
C1207 

C1208 
C1213 

Cl2kO 

Cl2ll 

c1212 

CR1201- 
CR1204 

CR12 05 
Ch1210 

CRl2ll 

DS1201 

Fl2Ol 

K1201 

Ll20l 

Ll202 

81201- 
N1203 

I-- - 

IrvG.AND 
?AM NO. 

MEC 
71-12A 

Cor ne 11 
Dubilier 
PM461 

Cornell 
Dubilier 
PM4S2 

MIL 
CM-198-122K 

MIL 
CM-19B102K 

Cornell 
Dubilier 
PM4P47 

berovox 
MP88 J 

Cornell 
Dubilier 
PM4S33 

Cornel1 
Iwbllier 
PM4P22 

Tranaifron 

Cfevite 
Tl2G or 

CTP-503 

GE 
IN1695 

Internationa 
Rectifier 
IN1528 

Eldema 
1CGl2-4535 

Bussmann 
AQC 

Magnecraf t 
llHPX-59 

UTC 
HVC-6 

UTC 
Hvc-e 

MEC 
"-51 B 

I 4  i 6  

i 

i 

I 

I 

1 

1 

L 

1 

a 

t 

t 

i 

- 
D: 

31 

31 

31 

31 

31 

31 

31 

31 

Bt 

Dl 

1 

2 

r 

r 

tc 

eyer 

lted Mylar, .Oluf, 40bvdc 

Ked Mylar, .02uf, 4OOvdc 

Ked mica. 1200uuf, 5OOvdc 
I-. I 

~ e d  Mica, 1000uuf, 50Ovdc 

Ked Mylar, .47uf. 40Ovdc 

ted Dual Plug-in, 40-40uf, 

red Mylar, .033uf, 40Ovdc 

red Mylar, .22uf, 4OOvdc 

(25V) 

3n to Spec. 21C-3864-7 

C 

twork 

-6 - 
M 
m 
, S Y .  

1 

- 
- 

4 

2 

1 

2 

2 

1 

1 

1 

4 

6 

1 

1 

1 

1 

1 

1 

3 



RW. 6 / 1 5 / 6 1  

2 
REFER. 
M Y G  
NATOR 

P1201 

R1201 

1202 
1212 
1213 
1217 
1218 
1223 
1228 

1203 

1204 
1208 

12 05 

,1206 

,1207 

~1209 

Rl2lO 

R1211 

1214 
1216 

R1215 

R1219 

R1220 

R1221 

R1224 

R1225- 
R1227 

Tl2Ol 

- 
1 

ITEM 
No. 

- 

- 
12-19 

12-20 

12-21 

12-22 

12-23 

12-24 

12-25 

12-26 

12-2; 

12-2, 

12-2 

12-3 

12-3 

12-3 

12-3 

12-3 

12- 3 

12-2 

12-2 

4 
- 

MFG.AND I 

~ 

5 - - -  - 
. ._ _. 

DESCRIPTION 

5x2000 

Allen Brad1 
JLU-1041 0 

JAIL040S104 

Triad 
H6-52 

4 5 6  

ed composition, 100K. +lax 

ed Cornposition, 560K, + l a  

50K. 2w. Linear Taper 

d Composition, 3300 Ohms 

1 

i 

1 

1 

2 

1 

1 

1 

1 

1 

3 

1 

I 
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No. 

- 
12-3f 

12-39 

12-40 

12-41 

12-42 

12-43 

12-44 

12-45 

12-46 

12-4 

12-4 

12-51 

12-51 

2 
REFER. 
MSlE 
"OR 

Tl202 

TJl2Ol 

Vl20l 

v1202 
V1203 

V1204 

V1205 

KC1210 
KKl20l 
m1201- 
W1203 

W l 2 O l  

RV12J1- 
KV1203 

KVlL04 
XV1205 

xDSl201 

4 -  _c 

MFG. AND 
PART NO. 

!hicago S td .  
'HC- 5 5 

annon 
ID-505 

'OMn 

2AT7 

'OklUO 

96 3 

'tmnn 
182 

omm 
,A 2 

AN 
'S 101  PO1 

ussmann 
KP 

AN 
'S103P01 

AN 
Sl02POl 

Eldema 
118-4593 

JAN 
F S ~ O ~ U O ~  

r s ioeu02 
JAN 

Eldema 
1H-4119 

5 
DESCRIPTION 

2 3 4  

1 

C 

1 

1 

1 

1 

E 

F 

E 
F 

E 
? 

r 

c 

E 

E 

E 

k 

E 

k 
1 

b 
1 

1 

- 
m 

r 

e 

e 

e 

e 

0 

e 

T 

1 

C 

r 

p' 

1 

1 

1 

1 

, Mica F i l l e d  

9 P in  M i n i a t u r e ,  Mica 

7 Pin  M i n i a t u r e ,  Mica 

ler 

ed) 

6 
INIT 
RR 
SSY. 

1 

- 

- 

1 

1 

2 

1 

1 

5 

1 

3 

2 

1 

3 

2 

7 
mw. 
MEW 
COW 

- 

7-5  
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- 1- - 
PES@ 
nnro 

- 

101. C503 

506. 

502. C504 

505. C516 

507 

510, C512 

511, C513 
514 

1501. 
R502, 
R51L 
R503. 
R501. 
tR511 

:n5w 
X510 

X506 

;RSOI, 

;.US09 

WHO1 
WHO2 

L501 
DO2 

B O 1  

luu 

T 
IRY 
No. 
- 
- 

5-1 

5-2 

5-3 

5-4 

5-5 

5-6 

5-7 

5-8 

5-9 

5-10 

5-11 

5-12 

5-13 

5-14 

5-15 

5-16 

5-17 

S-U 

S-19 

6-20 

5-21 

5-22 

5-23 

5-24 

s-24 

9-24 

4 -  
-AND 
rm NO. 

EC 
1-SA 

IL 
M- 19B - lO2K 
IL 
M- 19B-56 1K 
pro011 I)lpbili 
M4Pl 
p moll Dubili 
MIS2 
LIL 
M-19B -681K 
8nStcd 
110-1 
ansteel 
308-1 
.E. . 
11692 

ransitron 
12G or 
levite 

~tcrmationml 
lcctif Icr 
HI525 
mtenutloIul 
lcctifior 
N1523 

TP-503 

Pacific 
kmi-Coadocc 
lN703 
Motoroh 
LOMlOZ 
MEC 
16-102 
h l i g h t  Corg 
6% 

C.P. Clare 

M a  
RY-11 

M Z C  
TN-58 
MEC 
TU-57 
MEC 
TN-111 
MEC 
TU-157 
MEC 
TU-908 

DD-5OP 
MIL 

MIL 

11~4m-aza 

nczwr 3023 

n c t w m ~ ~  

3 4 5 4 7  

CONTROL 

red Mlcr,  lOOOplb! 500 vdc 

xed Mica, 5bOppf 500 vdc *lo% 

xed Mylar, , lpf 400 vdc 

xed Mylar, .02/.4f 400 vdc 

xed Mica, 680ppf 500 vdc *lo% 

h-Cap) 1Opf 25 vdc 

lZ15) 

lZ101 

scont, Candolabra, Base, 125V 

I, 4 Form C (Type 2) 

ETWORK 

ETWORK 

ETWORK 

ETWORK 

ETWORK 

comporition, 

comporilon, 
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1- 
mEN 
NO. 

- 
- 

5-27 

5-28 

5-29 

5-30 

5-31 

5-32 

5-33 

5-34 

5-35 

5-36 

5-37 

5-38 

5-39 

5-40 

5-41 

5-42 

5-43 

5-44 

2 
REFER. 
DESG 
NATOR 

R502., 
, .R518 
R 5 2 4  R 5 d  

R503, R 5 l l  
t529 

3539 R531 

1505, R506 

%521 

1507. R52O 

1514. R519 

1515 

P516, R517 

i501-S503 
i505 

i504 

i507, S O 8  

1508, €7523. 

r ~ 5 o i  
~ ~ 5 0 2  

r ~ 5 o i  

XI501 
XI502 

XK501 

XN501- 
KN512 
KK502 

3509 

1 
MFG. AND 
PART NO. 

-- 

hlII, 
RCZOGF103K 

MIL, 
RC 2OGF3 32K 

MI1 I 
RC42CF9lOJ 

MIL, 
RC2OGF 1 O4K 

MIL. 
RC20GF273K 

MIL 
RC20GF391K 

MIL, 
RCZOGF 1 O2K 

MIL, 
RC 2 OGF47 2 K 

M i c r o  
2 P B l l  

Car l ing  

C e n t r a l a b  

Phi lamon 
1000K-N4085 

2GL63-73 

PA -200 7 

Cannon 
DD-50s 

Dialight Corp.  
514001-111 

9759-5 

J A N  
TSlOlPOl  

EbY 

W h i t s o  
K-105 

Zutler H a m m e  
363K7 

-__- 
5 

IHSCRIPTION 

3 1  - 
1: 

I: 

I! 

I! 

I! 

I! 

I! 

I! 

r 

r 

r 

I 

J I  

I (  

F 

F 

11 

r 

( 

( 

I 

c 

c 

C 

C 

C 

I 

I 

I 

1 

1 

i 

L, Fi>:ed composi t ion,  10K & l o %  l / 2 W  

I. Fi>:ed  composi t ion,  3.3K *lo% 1/2W 

, F i r e d  composi t ion.  9122 i 5 %  Z'X 

, Fixed  composi t ion.  lOOK i l O %  l /2W 

, Fixed  composi t ion,  27K i 1 0 Z  1/2W 

., F i r e d  composi t ion.  39022 i l O %  l / t W  

, F i r e d  composi t ion.  1K i 1 O X  1/2W 

., F i l e d  composi t ion.  4.7K i l O 7 ,  1/2W 

R lar, 14 Pin  

0:ta , Mica f i l led 

, DPDT 

b 
in1 
E R  
555y. 

5 

- 

- 

3 

1. 

I) 

2 

2 

1 

2 

4 

1 

2 

2 

1 

2 

1 

1 3  

3 

1 

7-7 
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1 
- 

I 
lTEh 
NO. 

- 

3-1 

3 -2  

3 -3  

I 3 -4 

3 -5  

3-6 

2 
REFER. 
DESIG- 

NATOR 

c 3 3 5  

C330  

C331 

c 3 3 3  

:301, C306  
c 3 3 4  

:302, C304  
:307, C312  
:314, C315  
:317 ,C318  
:326,C327 

C305  

:309,C311 
C322  

C310  
C 3 2 3  

C321  
C328  

C324  

C325  

C329  

Z303. C308  
3313,  C316 
C 3 2 0  

C332  

CR301-  
CR308  
CR310-  
CR312  
CR314-  
C R 3 2 0  
C R 3 2 3  
CR324  

- 
:LASS 

- 

- 
- 
lDCK 
NO. 

- 

4 
MFG. AND 
PART NO. 

M E C  
74-3A 

MIL 
CM-19B-47lK 

F a n s t e e l  
F 3 0 8 - 1  

F a n s t e e l  
F 1 1 0 - 1  

C o r n e l l -  

PM4S2Z 

MIL 
CM-19B-331K 

MIL 
CM-19B-56lK 

D u b i l i e r  

MIL 
CM-19B-182K 

MIL 
CM-19B-152K 

MIL 
CM-19B-lOZK 

MIL 
CM-19B-681K 

Corne l1  - 

PM4S5  

G . E .  
29F  5 1 9 -G4 

G. E. 
2 9 F 5 8 5 - 6 4  

MIL 
CM-19B-22lK 

D u b i l i e r  

MIL  
CM-19B-222E 

C T P - 5 0 3  

DESCRIPTION 

BLY, D E T E C T O R  "A" 

'ACITOR, F i x e d  m i c a ,  470mmfd.  500vdc,  

'ACITOR (Blu -Cap) ,  100mfd ,  30vdc 

'ACITOR (Blu -Cap) ,  lOmfd, 25vdc 

'ACITOR, F i x e d  Myla r ,  . OZZmfd, 4OOvdc 

'ACITOR, F i x e d  Mica,  330mmfd,  500vdc. 

'ACITOR, F i x e d  Mica ,  560mmfd ,  500vdc. 

'ACITOR, F i x e d  Mica ,  1800mmfd .  500vdc,  

'ACITOR, F i x e d  m i c a ,  1500mmfd ,  500vdc,  

'ACITOR, F i x e d  Mica ,  1 OOOmmfd, 500vdc. 

'ACITOR, F i x e d  Mica ,  680mmfd ,  500vdc,  

'ACITOR, F i x e d  M y l a r ,  . 05mfd ,  400vdc 

'ACITOR, Tan ta ly t i c ,  l m f d ,  lOOvdc 

'ACITOR, Tan ta ly t i c ,  . 05mfd. 75vdc  

>ACITOR, F i x e d  Mica ,  220mmfd ,  500vdc,  

'ACITOR, F i x e d  Mica ,  ZZOOmmfd, 500vdc,  

N-CONDUCTOR DEVICE,  DIODE 

- 
6 
NIT 
ER 
SSY 

- 

- 

1 

1 

1 

1 

3 

- 0  

1 

3 

2 

2 

1 

1 

1 

5 

1 

2 0  

- 
DCURE- 
MEW 
CODE - 

COST 
(EST.) 
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3 

ASSEMBLY 74-3A REV #4 

SEMI-CONDUCTOR DEVICE, DIODE 

SEMI-CONDUCTOR DEVICE, DIODE 

SEMI-CONDUCTOR DEVICE S E T  

SEMI-CONDUCTOR DEVICE S E T  

SEMI-CONDUCTOR 3 E V I C E  S E T  

SEMI-CONDUCTOR DEVICE S E T  

SEMI-CONDUCTOR DEVICE S E T  

SEMI-CONDUCTOR DEVICE S E T  

SEMI-CONDUCTOR D E V I C E  S E T  

P I , U G ,  Male,  50 P i n  Con tac t ,  5 Amp Rat ing  

- 
I 

ITEl 
NO 

- 

- 
3-18 

3-19 

3 -20  

3-21 

3-22 

3 -23  

3-24 

3-25 

3-26 

3-27 

3-28 

3-29 

3-30 

3-31 

3-32 

3-33 

3-34 

3-35 

2 
REFER. 
DESIG- 

NATOR 

CR309  

C R 3 1 3  
CR321  
CR322  

N301, N315 
N319 

N30L 
N306 

1J303, N307 
N309-N311 
N320 

N304, N305 
N308, N316 

N312- 
N314 

N317 

N318, N321 
N322 

P 3 0 1  

R351  

R301, R302  
R341, R342 
R303. R343  

R304 
R 344 

R308,  R309 
R316,  R321 
R323. R326 
R328. R330  
R335. R339 
R340,  R349 

R306,  R312  
R325,  R336 

R307,  R313  
R314  

R335,  R310  
R317,  R318  
R322,  R327 
R331,  R332 

R311,  R319 
R320,  R3L4 
E\3\29, R 3 3 3  
R 3 3 4  

4 
MFG. AND 
PART NO. 

1 x 1 6 9 2  

1N703  

MEC 
TN58 

M E C  
TN57 

MEC 
TN90B 

MEC 
T N l l l .  

M E C  
TN138R 

MEC 
TN79 

M Z C  
TN138 

MEC 
27 -1 01 

MIL  
RC2OGF 1 6 2 J  

MIL 
RCZOGFlOZK 

MIL 
R C  2 OGF 1 8  3 K 

MIL 
R C 2OGF 1 03 K 

MIL 
R C 2 OGF 1 5 3 K 

MIL 
R C 2 0 CF 4 7 3 K 

MIL 
RCZdGF332K 

MIL 
R C 2 CIGF 3 3 3 K 

R SISTOR, F i x e d  Compos i t ion ,  47K, i l O q c ,  
1$w 

R SISTOR, F i x e d  Compos i t ion ,  33K, i lOy0 ,  1/21 I 

- 
6 

N I T  
PER 
LSSY 

1 

- 

- 

3 

3 

2 

6 

4 

3 

1 

3 

1 

1 

6 

2 

1 2  

4 

3 

8 

7 

7 - 
ROCURE. 
MEW 
CODE - 

7-9  
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REV 

4 

ASS 

I 
ITEk 
NO. 

- - 
- 

#4 
5 

3-36 

3-37 

3 -38  

3-39 

3-40 

3-41 

3-42 

3 -43  

3 -44  

3-45 

3 -1  

3 -2  

3 -3  

3 -4  

3 -5  

3-6 

3-7 

3-8 

3-9 

3-10 

7 -10  

2 
REFER. 
DESIG - 

NATOR 

R350  

R315, R337 
R346 

R338  

R345 

R 347 

R348  

R 3 j l  

TJ301  

XN301- 
XN322 

S p a r e  

C340  

C329 

C330  

C324,  C327  
C328  

C 301 -C 303 
C308,  C309 
C312, C314 
C317 

C305.C318 
C319,  C333 

C306 
C332  

C311 
C331  

C 3 1 3  

MFG. AN0 
PART NQ 

MIL 
RC 2 OGF 222 K 

MIL 
R C 2 0 G F  47 2 K 

M I L  
RC42GF102K 

MIL 
RC 2 OGF 1 5 2K 

MIL 
R C 2 OGF 1 04 K 

M !L 
RC 2 GGF 7 5 1 J 

MIL 
R C 2 OGF 2 23K 

Cannun  
DD5OS 

5.4 N 
TS 101 PO1 

J A N  
TSlOlPOl  

MEC 
74-3B 

MIL 
CM-19B-IOZK 

C o r n e l l  - 

PM4S 2 

MIL 
CM-19B-2721 

MIL 
CM- l9B -47lF 

MIL 
CM-19B-561I. 

D u h i l i e r  

MIL 
CM-19B-152k 

MIL 
CM-19B-681E 

MIL 
CM-19B-3311 

G. E. 
29F519 -C4 

DESCRIPTION 

b 

L SISTOR, F i x e d  Comuos i t ion .  2.2K, i l O % ,  
J W  

L SISTOR, F i x e d  Compos i t ion .  4.7K. i l O % ,  

I SISTOR, F i x e d  Compos i t ion ,  l K ,  i l O % ,  ZW 

L SISTOR, F i x e d  Compos i t ion ,  1.5K, i l O % ,  i: 
{ESISTOR, F i x e d  Compos i t ion ,  1 OOR, i 1070, 
I ? W  

I ? W  

I ? W  

I IS ISTOR,  F i x e d  Compos i t ion ,  750  O h m s ,  i 5 % ,  

ITSISTOR, F i x e d  Compos i t ion ,  22K, i l O q o ,  

:ONNECTOR, F e m a l e ,  50 P i n  Con tac t ,  5 A m p  
l a  t ing 

iCCKET, Tube ,  Oc ta l  

i CKET,  Tube ,  Oc ta l  I 
Z PACITOR,  F i x e d  Mica,  1500mmfd ,  500vdc,  
10  c 10 

C PACITOR,  F i x e d  Mica,  680mmfd .  500vdc,  
1 $o 

F i x e d  Mica,  330mmfd.  500vdc,  

Tan ta ly t i c ,  l m f d ,  lOOvdc 

- 
6 - 

NIT 
'ER 
SSl - 
1 

3 

1 

1 

1 

1 

1 

1 

22 

1 

1 

1 

1 

3 

8 

4 

2 

2 

1 

- 
7 

MURE. 
MENT 
CODE 

- 

- 



ASSEMBLY 74-3B REV #7 - 
I 

lTEh 
NO. 

- 

- 
3-11 

3-12 

3 -13  

3-14 

3-15 

3-16 

3-17 

3-18 

I 

I 

I 

3-19 

3-20 

EMI-C9NDUCTOR DEVICE S E T  

EMI-CONDUCTOR DEVICE S E T  

EMI-CONDUCTOR DEVICE S E T  

EMI-CONDUCTOR DEVICE S E T  

'LUG, Male ,  50 P i n  Con tac t ,  5 A m p  Ra t ing  

IESISTOR, F i x e d  Compos i t ion ,  1 .6K,  *5%, 
'W 

[ESISTOR, F i x e d  Compos i t ion ,  2. 2K, + l o % ,  
'W 

[ESISTOR, F i x e d  Compos i t ion ,  12K, i l O % ,  
!W 

3-21 

3-22 

3 - 2 3  

3-24 

3-25 

3-26 

3-27 

3-28 

2 
REFER. 
MSlG - 

NATOR 

C320  
C325  

C321 
C326 

C304,  C307 
C310,  C315  
C316  

CR301-  
CR304  
CR306-  
CR3! 5 
CR318  
CR319  

CR305  
CR316 
CR317  

N301 
N31L 

N302 
N308 

N303, N306 
N307, N310 
N317, N319 

N304, N309 
N311 

N305, N314 
N318. N32C 
N321 

N313, N315 
N316 

N320 
N323 

P 3 0 1  

R359 

R357 

R345  

R358  

R301,  R 3 0 3  
R330,  R332 
R346,  R347 

4 
MFG. AND 
PART NQ 

F a n s  t e e l  
F 1 1 0 - 1  

F a n s t e e l  
F308-1  

MIL 
CM-19B-22lK 

C T P - 5 0 3  

1 M 0 3  

M E  C 
TU58  

MEC 
TN57 

MEC 
T N9 OB 

MEC 
TN111 

MEC 
TN138 

MEC 
TN138B 

M EC 
TN2OO 

MEC 
27 -1 01 

M:L 
R C 20GF 16 2 J 

MIL 
R C 2 OGF 22 2 K 

MIL 
R C  20GF 123K 

MIL 
R C  2 OGF22 3K 

MIL 
RC2OGF 1 O2K 

I 

~ 

5 
DESCRIPTION 

L 

PACITOR (Blu -Cap) ,  lOmfd, 25vdc 

(B lu -Cap) ,  100mfd ,  30vdc 

F i x e d  Mica,  22Ommfd, 500vdc, 

I-CONDUCTOR DEVICE,  DIODE 

-CONDUCTOR DEVICE,  DIODE 

I-CONDUCTOR DEVICE S E T  

MI-CONDUCTOR DEVICE S E T  

MI-CONDUCTOR DEVICE S E T  

' SISTOR, F i x e d  Compos i t ion ,  22K, f l o % ,  '3- 

- 
6 

WIT 
PER 
LSSl 

- 

- 
2 

2 

5 

16 

3 

2 

2 

6 

3 

5 

3 

2 

1 

1 

1 

1 

1 

6 

7 
ROCURE. 

YEW 
CODE 

- 

- 

7-11  
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ASSEMBLY 74-3B - 
1 

ITEM 
NO. 

- 

- 
3-29 

3-30 

3-31 

3-32 

3 -33  

3-34 

3-35 

3-36 

3-37 

4 A b b 2  

3-38 

3-39 

3-40 

3-41 

7-12 

2 
REFER. 
OESIG- 

NATOR 

3304 
3333  

R305. R308  
R310, R312  
R315. R318 
R323, R328  
R339, R348  

R306. R319 
R 344, R 356 

R307, R32C 
R321 

R309, R314 
R317, R325 
R 321, R 3 4 i  

R311 ,R31 :  
R316,  R324 
R326,  R34(  
R343  

R322 
R329 

R334  

R335 

3338 

3341  

XN301- 
XN323 

LASS 

REV #7 
A 

MFG. AND 
PART NO. 

AIL 
IC 2OGF 1 8 3K 

n1 L 
tC2OGF103K 

VlI L 
IC2OGF 153K 

VlI L 
i C  20GF47 3K 

MIL 
3 C 2 OGF 332K 

MIL 
RC 2 OGF 333 K 

MIL 
RC2OGF472K 

MIL 
RC 2 OGF 1 5 2K 

MIL 
RC 2 OGF 7 5 1 K 

MIL 
RC 2 OGF 8 23K 

MIL 
RC2OGF912J 

Cannon 
DD-50s 

J A N  
TS1 O l P O l  

5 
DESCRIPTION 

3 

I 
1 SISTOR, F i x e d  Compos i t ion ,  18K. i l o % ,  

4w 

SISTOR, F i x e d  Compos i t ion ,  15K, i 10%. t w 
SISTOR, F i x e d  Compos i t ion ,  47K, + l o % ,  t - 
SISTOR, F i x e d  Compos i t ion ,  33K, i l O % .  

ipw 
F i x e d  Compos i t ion ,  4.7K. i l O % ,  

F i x e d  Compos i t ion ,  1 .5K,  i 1070, 

1 LSTOR. F i x e d  Compos i t ion ,  750  O h m s ,  

STOR,  F i x e d  Compos i t ion ,  82K, i l O % ,  
r 
S T O R ,  F i x e d  Compos i t ion ,  9100 O h m s ,  

1 / 2 w  

NECTOR, F e m a l e ,  50 P i n  Con tac t ,  5 A m p  
% 

KET, Oc ta l  

- 
E 
IIT 
i R  
S Y  - 
2 

0 

4 

3 

6 

7 

2 

1 

1 

1 

1 

1 

!3 

- 
CURE- 
IENT 
ODE - 

7 e 
UNIT 
COST 
(EST) 
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E 

- 
I 

ITEL 
NO. 

- 

L?BLY, VARIABLE DELAY S H I F T  REGISTER 

; I .PACITOR ( B l u - C a p ) ,  lOmfd, 25vdc 

; / .PACITOR ( B l u - C a p ) ,  100mfd ,  30vdc 

; I .PACITOR, F i x e d  M y l a r ,  . OZmfd, 400vdc 

8EMI-CONDUCTOR DEVICE,  DIODE, Z e n e r  

J . . M P ,  Neon 

:C)RE, Magne t i c  

:ORE, Magne t i c  

IEMI-CONDUCTOR DEVICE S E T  

IEMI-CONDUCTOR D E V I C E  S E T  

8 -1  

8 - 2  

8 - 3  

8 -4 

8 -5 

8 -6 

8 -7  

8-8 

8 -9  

8 -10  

4 A b 6 2  

8-1 1 

8 -12  

8 -13  

8 -14  

8 - 1 5  

8-16 

8-17 

8 -18  

8 -19  

8 -20  

2 
REFER. 
DESIG - 

NATOR 

c 1 ,  c 5  
C6  

c 2 - c 4  

c 7 ,  C 8  

CR1  

DS1- 
DS 4 

M1, M21 
M4 0 

MZ-M20 
M22-M39 
M41 -M60 

N2, N4 
N5 

N1, N3 
N6, N7 

P1 

R1,  R2  
R 5  

R3,  R 4  

R6-R8  

R 9  

s 1 ,  sz  

T J 1  

XM1-  
XM6O 

XN1-  
x .v 

iTOCK 
NO. 

A 

MFG. AND 
PART NCl 

M E C  
74-8A 

F a n s t e e l  
F 1 1 0 - 1  

F a n s t e e l  
F308-1  

Cor i i e l l -  

PM4SZ 
D u h i l i e r  

1 x 7 0 3  

MEC 
16-102  

MEC 
MN13 

M I X  
26-101 

M E C  
TN130B 

MEC 
TN51  

M E C  
27-101 

MIL 
RC 2 OGF 1 5 2 K 

MIL 
RC42GF27GK 

MIL 
RCZOGFl03K 

MIL 
R C 2 OGF 4 7 2 K 

Oak 
39 96 5 5 M F  

Cannon  
DD-50s 

J A N  
TS103POZ 

J A N  
T S l O l P O l  

Whi t so  
K-105 

DESCRIPTION 

I 

' SISTOR, F i x e d  Compos i t ion ,  1 .5K,  i 1 O%, 
'/4w 

F i x e d  Compos i t ion ,  2 .7  Ohm, 

! SISTOR, F i x e d  Compos i t ion ,  10K. * l o % ,  1/2U 

! SISTOR, F i x e d  Compos i t ion ,  4.7K, + l o % ,  

' I C H ,  R o t a r y  

; NNECTOR, F e m a l e ,  50  P i n  Con tac t ,  5 A m p  
I ing 

KET,  T u b e ,  9 P i n  

c[~, O c t a l  

- 
6 

W I T  
PER 
PSSY. 

- 

- 

3 

3 

2 

1 

4 

3 

57 

3 

4 

1 

3 

2 

3 

1 

2 

1 

6 0  

7 

2 

7 -  8 - 
3OCURE- 
YEW 
CODE - 

UNIT 
COST 
(EST) 

7-13 



- 
I - 

ITEM 
NO. 

- 
8-1 

1-2 

3-3 

3-4 

8-5  

8-6 

a -7 

8 - 8  

8 - 9  

8-10 

d A  0 62 

8-11  

8-1  2 

8 - 1 3  

8-14 

8-15 

8-16 

8-17 

8-18 

8 - 1 9  

a - z c  

7-14 

I 

2 

?:VIBLY, VARIABLE DELAY SHIFT REGlSTZR 

APACITOR,  (B lu -Ca? ) ,  10mfd ,  25vdc 

: I .PACITOR (Blu-Ca?) ,  100mfd ,  30vdc 

; I .PACITOR, F i x e d  Myla r ,  . O Z d d ,  400vdc 

iEMI-CONDUCTOR DEVICE,  DIODE, Z e n e r  

,f.MP, Ueon 

REFER. 
DESIG- 

NATOR 

> E  

Y E  

:1, c 5  
16 

;2-C4 

:7, ca 

:R 1 

IS1  - 
I S 4  

M1, M21 
M4 0 

M2-M2O 
M22-M39 
M41 -M6O 

u2,  N4 
N5 

N1, N3 
N6, N7 

P1  

R1, RL 
R5 

R3,  R4  

R6-R8  

R 9  

s1, s 2  

TJ1  

XM1-  
XM60 

x v 1 -  
x N7 

LASS 

- 
- 
lOCK 
NO. 

- 

4 
MFG. AND 
PART N a  

bfEC 
'4 -8B 

-ans t ee l  
7110-1 

Fans t ee l  
~ 3 0 8 - 1  

Zorne l l -  

PM4S2 
Duh i l i e r  

1N703 

MEC 
16-102 

MEC 
MN13 

M E C  
26-101 

MEC 
TN130B 

MEC 
TU51 

MCC 
27-101 

MIL 
RC 20GF 1 5 2 K 

MIL 
R C 4 2 G€ 27 GI. 

MIL 
RC2OGF103B 

MIL 
RC2OGF47 2 P 

Oak 
399655MF 

Cannon  
DE -50s 

J A N  
TS103PO2 

J A N  
TS101 PO1 

Whi t so  
K-105 

3 

: R E ,  Magne t i c  

; R E ,  Magne t i c  I 
I-CONDUCTOR DEVICE SET 

I-CONDUCTOR DEVICE SET 

G, Male ,  50 P i n  Con tac t ,  5 Amp R a t i n g  

ISTOR, F i x e d  c o m p o s i t i o n ,  1 .5K,  i IO%, 
v 

ISTOR,  F i x e d  Compos i t ion ,  2.  7 O h m ,  
b, 2 w  

ISTOR, F i x e d  Compos i t ion ,  10K, * l o % ,  
Y 

ISTOR, F i x e d  Compos i t ion ,  4 .7K,  i 1070, 
N 

TCH, R o t a r y  

INECTOR, F e m a l e ,  50 P i n  Con tac t ,  5 A m p  
ng 

KET,  Tube ,  9 P i n  

KET.  0c:al 

E 
4IT 
ER 
is 1. - 

3 

3 

2 

1 

4 

3 

i7 

3 

4 

1 

3 

2 

3 

1 

2 

1 

60  

7 

2 

7 a 
UNIT 
COST 
(EST) 



Rev. 6/15/61  

R e s i  
1 / 2  

Res 

Res 
1 w  

1 
ITEM 
- 

t d r .  

i . ;  t c  r , 

i :i t c  r ,  

Switi :h,  T 

Switi :h,  R 

I n d i c a t o r  

Knob 

Lens Cap, 

Lens Cap, 

No. 
- 

4- 1 

a 

lo 

4-2 

:Y 

.der  

TTana l u c e n t )  

4-3 

R 3 d )  

4-4 

4-5  

4 - 6  

4-7  

4-8  

4-9 

4- 10 

4-  12 

4- 13 

4- 14 

4-15 

4- 16 

4- 17 

4- 18 

4- 19 

4-20 

4-2 1 

4-22 

-1 
REFER. 
DESlG 
NATOR 

B 401- 
R 4 0 5  

,B 406 
R 407 

IS 401-  
IS 405 

4 0  1- 
402 

IU 4 0 1  

’ 4 0 1  

1 4 0 1  

1402 

1403 

1 404 

1405 

1406 

1407- 

1415 
14 16 

14  1 7  
Z4 18 

5401 

5402 

KDS 401- 
KDS 405 

4 
MFG. AND 
PART NO. 

YEC 
14-4A 

; E .  
[N 1695 

;E.  
[N 1692 

3 Id ema 
LCG12-4535 

t Id ema 
1GF5-4976 

l e e d e  
1-25 

:annon 
ID-SOP 

M i  1 

1C20GF393K 

I.R.C. 
DCC 

I . R . C .  
DCC 

I . R . C .  
DCC 

1 . R . C  
DCC 

I . R . C .  
DCC 
Mi 1 
RC20GF104K 

Ward Leonarc 
10F 100 

Mi 1 
RC32GF391K 

C u t l e r  Hammc 
ST52N 

OAK 
399655-HF 

E Id ema 
118-4593 

Whi tso  
K- 105 

E Id erne 
11H-4 110 

Eldema 
11H-4 119 

5 _- __ _. 

DESCRlF7lON 

E Power C o n t r o l  

T) Spec .  21C-3864-7 

d ? s c e n t  (Red) 

M i  ( S c a l e  0-12) H o r i z o n t a l  

i r e d  C o m p o s i t i o n .  39K. + 10% 

r c i s i o n ,  54K + 1% 1 / 2  w 

r c i s i o n ,  12K, t 1%. 1/2W 

r i c i a i o n .  20K. + 1%. 1 / 2  W 

1 - 
- 

- I 
c i s i o n ,  250K. 2 is, 
ed C o m p o s i t i o n ,  100K. t* 10% 

112 w 

- I 
i e d  Wire  Wound low, 1011 t 
i ed C o m p o s i t i o n ,  390(5, t lox - t g te t  DpDT 

4- 
NIT 
ER 
iSY. 

- 

- 

1 

1 

8 

2 

2 

1 

1 

5 

1 

1 

4 

7.- 
‘ROCME- 
MEW 
CODE 

7-15 
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-1 - 
mM 
No. 

- 
- 
4-1 

4-2 

4-3 

4 -4 

4-5 

4-6 

4-r 

4-0 

4 4  

4-ia 

4-11 

4-12 

4-1: 

4-14 

4-l! 

4-1( 

4-1; 

4-11 

4-1' 

4-21 

4-2 

- 

-7 
REFER. 
DESlG 
NATOR 

Z401 
Z402 
Z421-C423 

Z403 
Z425 
z443 
z444 
2424 

2404 
2426 
Z441 
3442 

3445 

3R401 
3R421 
3R402 
3R422 

3R442 

'40 1 
2403 
'402 

F404 

P401 

2423 
2442 

a401 
Q42 1 
R441 
9422 

Q402 
Q403 
W24  
R443 

p404 
R425 
R444 

R401, R40 
R42 1A 
R42lB 
R44 1 
R442 

R403 
R443 
R404 
R42 5 
R444 

7-16 

-1 
MFG. AND 
PART No. 

MEC 

Mallory 

165-46 

20-71937 

Cornel1 Dubili 
PM4Sl 

Cornel1 Dubili 
PM4P1 
Fansteel 

Mallory 

Fansteel  

G. E. 
JA2l  lABlAC2 

International 
Rectifier 
IN1519 

International 
Rectifier 
IN1524 
Bussmann 
A CC 

Bussmann 
AGC 

F308-1 

20-71855 

F316-1 

Bussmann 
MDX 
Cannon 
DD-SOP 

D P l C O  
2N553 
Delco 
2N443 

G. E. 
2N525 

Sylvania 
2N377A 

Ward Leonard 
sx 1 

Ward Leonard 
5x2 
MIL 
RC42CFlOZK 

5- -- 
... - _ _  

DESCRIPTION 

3 4 5  

rTEI 

[ I. 
PL 

TI 

TI  

T I  

TI 

RI 

RI 

RI 

E 

C 

r 

r 

r 

r 

I: 

1: 

CR SUPPLY 

omputer Grade, 4000pf 60 vdc, 
Alum. can with ace ta te  sleeve. 

ixed, Mylar, . OlDf 400 vdc 

lxed. Mylar, .1pf 400vdc  

lu-cap, 100bf 30 vdc 

ornputer Grade, 2000,~f 100 vdc, 
A l u m .  can  with ace ta te  mleeve. 
lu-cap, 30bf 100 vdc 

124.7) 

1z12) 

I, Slo-Blow. 3 Amp. 

Mount with P a r t s  # lo0  h # l O l )  

Lug type Leads) 

ohm,  1Q 5w 

ohm, 2Q 5W 

ed compoaition, 1K i l O %  2W 
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__ 
1 

ITEM 
No. 

- 
- 
4-22 

4-23 

4-24 

4-25 

4-26 

4-27 

4-28 

4-29 

4-30 

4-31 

4-32 

4-33 0 
4-34 

4-35 

4-36 

4-37 

4-38 

4-39 

4-40 

4-41 

4-42 

4-43 

4-44 

4-45 

4-46 

4-47 

1 
REFER. 
MSlG 
NATOR 

1405 

7406 

<407 
1428 
7447 

R408 

R409 
R430 
R449 

R410 
R431 
R450 

R411 
R432 

R412 

R414 
R435 

R415 

R413 

R422 

R423 
R424 

R426 
R437 

R427 
R446 

R429 
R448 

R433 
R416 

R436 

R434 

R451 

R453 

R454 

R455 

R452 

R445 

r 4 o i  

4 
MFG. AND 
PART No. 

- 

UIIL 
W4ZGF151K 

UIJL 
3C2OGF681K 

UIIL 
RC2OGF 101 K 

MIL 
RCZOGF 122K 

MIL 
RC2OGF822K 

MIL 
RC20CF621 J 

MIL 
RC20GF472K 

MIL 
RC 3 2 GF 12  1 K 

Chicago Tel. 
AZOLASBZSOA 

MIL 
RC32GF820 J 

MIL 
RC42GF131 J 

Ward Leonarc 
lOFl 
Ward Leonari 
1 OF2 

Ward Leonarc 
10F150 

MIL 
RC32GF681K 

MIL 
RC32GF 122K 

MIL 
RC42GF271K 

MIL 
RC 3 2 G F  5 10 J 

MIL 
RC42GF181 J 

MIL 
RC42GF302 J 

Allen Bradley 
JLU-1011 o r  
JA 1 L 04 OS 1 0 1 I 

MIL 
RC42GF272J 

Ward Leonarc 
5x500 

MIL 
R C 3 2GF 56 1 J 

Ward Leonarc 
10F250 

TTI 5486 

- .. 
5 

DESCRIPTION 

3 4 5 4  7 

?i> ed composition. l5OR *lo% 2W 

?bed composition, 680'2 *lo% 1/2W 

?i>.ed composition, l O O R  + lo% 1/2W 

Fi ted composition, 1.2K *lo% 1/2W 

Fi red  composition, 8.2K i l O %  1/2W 

Fi ced composition, 62OQ *5% 1 /2W 

F i  ted composition, 4.7K *lo% 1 /2W 

Fi red  composition, l2OQ *lo% 1 W  

IETER, 25Q 2W 

F i red  composition, 82R * 5 %  1 W 

Fi:ced composition, 130Q 65% 2W 

Fi:ted, Wire wound, 1 R  1OW 

Fired .  Wire  wound, 2Q 1OW 

Fi>:ed. Wire wound, 150Q 1OW 

Fixed composition, 68052 i l O %  1W 

Fixed composition. 1.2K 610% 1W 

FiJ:ed composition, 2709 610% 2W 

Fixed composition, 519  65% 1W 

Fi>:ed composition, 18OQ 6 5 %  2W 

Fixed composition, 3K 6 5 %  2W 

fE"ER, l O O Q  2W, Linear  Tape r  

F h e d  composition, 2.7K * 5 %  2W 

Fixed, Axiohm. 5 O O Q  5W 

Fixed composition, 560Q t 5 %  1 W  

Fired, W i r e  wound, 2508 1OW 

b 
Nn 
TR 
SSY 

i 

1 

i 

- 
- 

1 

3 

3 

2 

1 

2 

1 

1 

1 

2 

2 

2 

2 

2 

1 

1 

1 .  

1 

1 

1 

1 

1 

1 

7-17 



R e v .  6 / 1 5 / 6 1  

1 
ITEh 
NO. 

- 

- 
4-41 

4-4' 

7-1 

7-2 

7-3 

7-4 

7-5 

7-0 

7-7 

7-6 

.. 
2 

REFER. 
DESIG- 
NATOR 

r ~ 4 o i -  
r 5404 
CF401- 
CF404 

I701- 
I703 

:701- 
.~704 

1701 

2701 

x no1- 
X I703 

XK701- 
if704 

- 
'OCW 
'10. 
- 

A 

MFG. AND 
PART NO. 

H . H .  Smith 
2 2 1  

Bus  smann 
H K P  

1 lx2 
74-7A 

.Jinlight 
6 6  

G.P. Clare 
It 1'4Lbl-G2E 

Cunnon 
1J3-5OP 

Centralnb 
1'A-2011 

!I ial igh t  
5UOO1-113 

iby 
9759-5 

dhi tso 
-105 

5 
DESCRIPTION 

2 3 4 5 6 7  - 
t 

R 

J 

c 

r 

5 

r 

II 

'i 

inana (Black) 

CUI IlTb L 

m t ,  24V, Candelabra Base 

2' 

: ' in Contact, 5 Anp R l t i n g  

Ccrmic 

' lin in ture  

6 
lNlT 
PER 
SSY. 

4 

- 

- 

4 

1 

3 

4 

1 

1 

3 

4 

1 

7 
PROCURE- 

MENT 
CODE 

7-18  



1 
ITEM 
NO. 

1 

- 
ITOCK 
NO. 
- 

2 
REFER. 
D E S I G  
N A T O R  

A 

M F G .  A N D  
PART NO. 

I :  LY I 
Rev. 6 / 1 5 / 6 1  

7-19  



Rev. 6 /22/62  

:M€tL'J', 4 CIlANNEL TEST DATA KEYER 

- 
1 

ITEM 
NO. 

- 

9-1 

9-2 

9 - 3  

9 -4 

9 -5 

9-6 

9-7 

9 -8 

9-9 

4A-e  5 9  

9-10 

9-11 

9 -12 

9 -13 

9 -14 

9 -15 

9-16 

2 
REFER. 
DESIG 
NATOR 

c 1  

c 2  

c 3  

C R l -  
CR4 

CR5 

CR6 

F 1  

I1 -14 

I5 

J21 

J22  

J 2 3  

J24  

L1 

N1 

4 

MFG. AND 
PART NO. 

MEC 
74-9A 

Cor ne 11 - 
P M 4 P 1  

Cor ne 11- 

PM4S 1 

Mallory 

Dubil ier  

Dubil ier  

IN1692 

IN2984B 

IN2976B 

Buss  
AGC 

E l d e m a  
1CF3-6356 

G. E .  
5 - 6  

MIL 
MS3102A-18-11] 
MS3106B -18 -115 
MS3 05 7 - 1 0 

MIL 
MS3102A-18-11: 
MS3106B -18-111 
MS 3 0 5 7 - 1 0 

MIL 
MS3102A-22-14 
M S  3106B -2 2 -14 
MS305 7 - 12 

MIL 
MS3102A-2 2 -14 
MS3106B-22-14 
MS3057-12 

United 
T r a n s f o r m (  

Corp .  
HVC-6 

MEC 
TN901 

5 
DESCRIPTION 

ixed M y l a r ,  . l m f d ,  400vdc 
MEC S P N  C -03-06 

MEC S P N  C-06-07 

MEC S P N  D-01-06 

MEC S P N  D-01-73 

R DEVICE, DIODE, Z e n e r ,  

MEC SPN D-01-74 

MEC SPN F-01-11 

scent  (Milky L e n s )  
MEC S P N  L-01-04 

scent ,  Candelabra  S c r e w  Base, 
MEC S P N  L-01-11 

p tac le ,  MEC S P N  C-11-8 
MEC S P N  C-11-8: 
MEC S P N  C-11-11 

MEC SPN C-11-8i 
MEC SPN C-11-11 

ceptac le  MEC S P N  C-11-14 
MEC SPN C-11-15 
MEC S P N  C-11-4i 

ceptacle  MEC S P N  C-11-15 
MEC S P N  C-11-14 
MEC SPN C-11-4! 

MEC S P N  1-01 -01 

- 
6 

UNIT 
PER 
455y. 

- 

- 

1 

1 

1 

4 

1 

1 

1 

4 

1 

1 

- 
7 

OCURE- 
MEN1 
CODE 

- 

- 

8 
UNIT 
COST 
(EST.) 

0 

7-20 
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- 
1 

ITEM 
NO. 

- 

9 -17 

9-18 

9 -19 

9-20 

9-21 

9-22 

9-23 

9-24 

9-25 

9-26 

9-27 

9-28 

9 -29 

9-30 

9-31 

9-32 

9-33 

9 -34 

9-35 

9-36 

2 
REFER, 
DESIG 
NATOR 

N2 

N3 

N4, N5 

R1 

R2 

R3, R4 

R5 -R12 

R13 -R16 

R17 

R18 

R19 

Sl -S4  

s5 

S6 

T1, T2  

T3 

T J 1 -  
T J 8  

X F  1 

XI1 - 
XI4 

XI5 

4 

MFG. AND 
PART NO. 

MEC 
TN506B 

MEC 
TN432 

MEC 
TN405 8 

i l len Bradley  
Type G 

Type G 
4llen Bradley  

4llen Bradley  
'AlL040S102UC 

MIL 
RC2OGF241J 

MIL 
RC2OGF62l J 

I. R. C. 
Type BW-2 

I. R. C. 
Type BW-2 

I. R. C. 
Type BW-2 

Cent ra lab  
PA2015 

Cut le r  

8906K832 

Fenwal  
17000 

T r i a d  

H a m m e r  

HS-56 

MEC 
1-110 

H.H. Smith 
1501-113 

B u s s m a n  
H K P  

Dialco 
7538-XP50 

Dialco 
514001-111 

_____ 
5 

DESCRIPTION 

3 - 

S: 

S: 

S: 

P 

P 

P 

R 
f! 

R 
f! 

R 

R 

R 

S 

s' 

T 

T 

T 

T 

F 

I1 

1 5 6 7  

C 

C 

C 

N 

N 

N 

r 

r 

r 

r 

I 

I 

r 

:I 

:I 

h, 

s 

J 

A 

L 

L 

F 

F 

1 

1 

> 

t 

I 

4 

1 

1 

E 

L 

1 

TOR DEVICE S E T  

TOR DEVICE S E T  

TOR DEVICE S E T  

'ER, 5K. 1 /2W 
MEC S P N  P-02-10  

'ER,  50K, 1I2W 
MEC S P N  P-02-10 

'ER,  l K ,  2W, L i n e a r  T a p e r  
MEC S P N  P-02-27  

ed  Composi t ion,  240 Ohms,  

ed Composi t ion.  620 Ohms,  

ohms, *5%, 2 w  

3hm,  *5%. 2W 

y,  Non-Shorting, C e r a m i c  
MEC S P N  S-01-15 

e ,  DPDT 
MEC S P N  S-01-59 

MEC SPN S-01-119 

I 
MEC S P N  T-04-14 

t 

MEC S P N  T-02-01 

MEC SPN F-01-04 

.idge Connector  
MEC SPN L-02-12 

LDER 
MEC SPN L-02-13 

- 
6 

UNIT 
P E R  
455y 

- 

- 

1 

1 

2 

1 

1 

2 

8 

4 

1 

1 

1 

4 

1 

1 

2 

1 

8 

1 

4 

1 

- 
7 

'ROCURE 
MENT 
CODE 

- 

7-21 



Rev.  6 / 2 2 / 6 2  

- 
1 

ITEM 
NO. 

- 

9-37 

9-38 
I 

9-39 

2 
REFER. 
DESIG- 
NATOR 

XN1- 
XN5 

- 
- 
lOCK 
NO. 

- 

4 

MFG. AND 
PART NO. 

ME C 
14-1 01 

Eldema 
1lD-50284 

Whitso 
K-105 

5 
DESCRIPTION 

2 3 4 5 6 7  

n 

S T E N E R ,  Speedcl ip  (29 F i n i s h )  
MEC S P N  L-02-38 

MEC S P N  K-01-01 

- 
6 

INlT 
PER 
.SSY. 

5 

- 

- 

4 

4 

- 
7 

ROCURE- 
MEN1 
CODE 

- 



CHAPTER Vlll 

WIRE LIST 

8- 1 
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ADDENDUM 
CHAPTER X 

10-1. FOUR CHANNEL TEST DATA KEYER, MEC MODEL 74-9A 

10-1.1. Function 

10-1.1.1. The Four  Channel Tes t  Data Keyer is used to  t ransmit  a con- 
tinuous burs t  of binary "ills on any combination of form channels. This unit is instal-  
led in the MEC Model 74 Data Transmit ter  and works in conjunction with it. 
the Tes t  Data Keyer is shown in Figure 10-1. 
wired to  the Tes t  Data Keyer Chassis 
J16, and connector J23 on the Tes t  Data Keyer Chassis .  
ed directly through the 74-9A o r  a r e  disconnected. 

A schematic of 

by a ju-mper cable between the rack output connector, 
The four Keyer outputs f rom the Model 74 a r e  

These Keyer outputs a r e  then rout- 

10-1.1.2. The Tes t  Data Keyer continuously generates  an al l  l l l l ' s  pattern. This 
output is wired to  four switches on the front panel of the Tes t  Data Keyer Chassis ,  each of 
which is  related to one of the four 71 -1 2A Keyers located in the Model 74 Transmi t te r  rack. 
When a given switch is placed in the TEST position, the output of the 71 -12A Keyer c o r r e s -  
ponding t o  that switch is disconnected from the t ransmission line. The al l  "ills output f rom 
the Data Keyer Chassis  is  placed on the line. 
output of the Tes t  Data Keyer Chassis m a y  be switched on to any combination of the four 
t ransmi s sion line s . 

Since each line operates independently, the 

10-1.2. Circuit  Analysis 

10-1.2.1. Pulses  a r e  generated a t  a 1 kc rate  by N1, a TN90l oscillator. The 
When N2 is t r iggered output of N1, a positive-going pulse, drives N2, a TN506B one-shot. 

the pin 10 output goes f rom -12 volts to 0 volts. 
CR7 and is  used to  turn  on N3, a 2 kc gated oscil lator.  
pass  f i l t e r ,  R22, C5 and C6, and dr ives  N4 and N5, two line dr iver  amplifiers.  
of N4 is used f o r  driving lines 1 and 2 (corresponding to Transmi t te r  1 and 2). 
of N5 dr ives  l ines 3 and 4. 

The pulse is level shifted by Zener diode 
The output of N3 goes through aband  

The output 
The output 

10-1.2.2. The frequency of N1 is controlled by two potentiometers,  R1 and R20. 
Since N3 is a gated 
Potentiometer R2 

Potentiometer R1 is the coarse  frequency control, R20, the fine control. 
oscil lator,  the width of the input pulse determines the output wave form.  
is a control on the width of N2, so that a proper signal may be generated by N3. 
quency of N3 is determined by the tank circuit ,  L1 and C1. 

The f r e -  

10-1.2.3. The outputs of N4 and N 5  drive impedance matchine t r ans fo rmers  and 
the two l ines  each. Each output of the t ransformers  is  padded to  maintain a minimum of in-  
terplay between circuits.  When a given switch is placed in  the OPERATE position, a dummy 
load is placed a c r o s s  that output of the Test Data Keyer Chassis  to maintain a constant load 
on the t ransformer .  

10-1.2.4. The Tes t  Data Keyer a lso has a self-contained power supply which 
requires  60 and 110 volts ac .  
in T3. 
two Zener diodes, C R 5  and CR6. 

This input voltage is brought into the chassis  and steppeddown 
The regulation is performed by It is then full-wave rectified,  f i l tered and regulated. 

0 

10-1 
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10-1.3. Installation 

10-1.3.1. The Tes t  Data Keyer Chassis  is installed in the center  blank panel of 
the MEC Model 74 Data Transmit ter  as follows: 

Step 1. Remove the AC power cable f rom J15,  located on the main con- 
nector panel of the rack. 

Connect the AC jumper f r o m  J22 on the Tes t  Data Keyer to  J 1 5  
Data Keyer. 

Remove the output data cable f rom J16,  located on the main con- 
nector panel of the rack and place it on J24 of the Tes t  DataKeyer.  

Connect the output data jumper cable f rom 516 of the rack con- 
nector panel to  J23 of the Tes t  Data Keyer. 

Connect it to J21 of the Tes t  DataKeyer.  

Step 2. 

Step 3. 

Step 4. 

10-1.4. Adjustments 

10-1.4.1. The main power for the Model 74 Deta Transmi t te r  rack  operates  in-  
dependently of the AC power switch on the Tes t  Data Keyer. 

Step 1. P lace  the AC power switch located on the front panel of the T e s t  
Data Keyer in the ON position. 

Step 2. Allow 30 minutes for  warmup. 

Step 3. P l ace  an ungrounded oscilloscope and a EPUT Meter on TJ1  and 
TJ2. 

Step 4. P l ace  all control switches in the TEST position. 
signal on the oscilloscope, rotate R3 until one appears .  

If there  is no 

Step 5. Remove N2. 

Step 6. Adjust L1 until a 2 kc sine wave appears  on the oscilloscope. 

Step 7. 

Step 8. Replace N2. 

Step 9. 

Adjust R3 until the output is the desired amplitude. 

Adjust R2 until the output has  one cycle of 2 kc followed by a blank 
space followed by one cycle of 2 kc,  etc. 

Step 10. Using R1 as a coarse  adjustment and R2O as fine, adjust  the f r e -  
quency of N1 until the EPUT Meter re igs te rs  1 kc. 

Step 11. Readjust R2 until the optimum signal appears  on the scope (no 
severe discontinuities, etc. ). 

Step 12. P lace  the oscilloscope leads on TJ6  and TJ7. Adjust R4 until the 
desired output level is reached. 

Step 13. When any of the Data Transmi t te r  switches a r e  placed in  the OP-  
ERATE position, the Model 71 -12A Keyer corresponding to  that 
switch will output directly to the telephone line. 

10-2 
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TRANSISTOR POWER SUPPLY 
MEC MODEL 165-4C 

1. GENERAL DESCRIPTION 

A Milgo type 165-4C Power  Supply has  th ree  outputs: a +12v, ( + l v ,  -3v) a t  1 

a m p e r e  output; the second, a -2Ov, ( t 2 v ,  -6v) a t  2 a m p e r e s  output; and the third,  a -65v 

( 6 5 ~ )  a t  one a m p e r e  output. The  -65v supply is s tacked on the bottom of the -2Ov supply, 

thereby giving an  output of -85v. The a-c input of th i s  supply can  v a r y  f r o m  lOOvac 

to  130vac and f r o m  45 to  60 cycles.  

and has  a f ront  panel 8-314 inches high by 8-718 inches wide. 

35 pounds. 

the first, 

The  unit is mounted in a s tandardMilgo slide-type r ack  

I t s  weight is approximately 

2. t 1 2 v  SUPPLY 

2-1. A port ion of the output of t r a n s f o r m e r  T401 is rect i f ied by a br idge rec t i f ie r  CR401 

and f i l t e r ed  by r e s i s t o r  R401 and capaci tors  C401 and C402. The voltage a c r o s s  capac i tors  

C401 and C402 is normally 20v (approximate).  T r a n s i s t o r  Q401 and r e s i s t o r s  R402 and R403 

ac t  as  a var i ab le  r e s i s t ance  element  in s e r i e s  with the output load, which can  b e  va r i ed  to  

maintain a constant output voltage a c r o s s  a var iab le  load. A s  the  load cu r ren t  i nc reases ,  

the effective res i s tance .of  Q401 is  decreased  s o  that the IR drop  a c r o s s  R402, R403, and 

Q401 will  r ema in  constant producing a constant output voltage.  If the input a -c  l ine voltage 

should inc rease ,  the d-c  voltage a c r o s s  f i l t e red  capac i tors  C401 and C402 would inc rease  

and the effective r e s i s t ance  of Q401 must  i nc rease  again so that the  outputvoltage will r ema in  

constant . 
@ 

t 

Trans i s to r  Power  Supply 
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2 - 2 .  The effective r r s i s t n n c r  of Q401 is controlled by the control section, consisting of 

t r n n a i s t o r s  Q402, Q-103, Q404,  nnd thi-ir nssociated c i r c u i t r y .  4 4 0 4  de te rmines  whether 

the output voltngc i s  too high o r  ton l o w  and i s  followed by power nmplif iers  Q403 and Q402, 

which nmplify the control signal to the nccessn ry  power levcl fo r  drjving Q401. '! he b a s e  

voltnge of Q404 i s  r e f e r r n c e d  f r o m  the o l l t p t  of 4 .  7v zene r  diode CR402. The e m i t t e r  

voltnge of Q404 i s  determined by the r e s i s t o r  divider network of R413, R414,and R415. 

voltnRe f r o m  the wiper of potentiometer R414 is applied to the emi t t e r  of Q404. 

The  

2 - 3 .  A s  the output voltage i n c r e a s e s ,  the magnitude of the voltage f r o m  the wiper  of 

R414 will a l s o  i n c r e a s e  proportionally.  Since the output a c r o s s  zene r  diode CR402 r e m a i n s  

constant R S  the output voltnge i n c r e a s e s ,  the emi t t e r  voltage tends to go posit ive with r e s p e c t  

t o  the b a s e  voltage,  driving Q404 toward cutoff. A s  Q404 goes toward cutoff, t h e r e  is less 

col lector  c u r r e n t  through R410, so t he re  is l e s s  b a s e  c u r r e n t  in Q403. The e m i t t e r c u r r e n t  

of Q403 d e c r e a s e s ,  reducing the c u r r e n t  through R407 and b a s e  c u r r e n t  of Q402. With l e s s  

b a s e  c u r r e n t  in Q402, the e m l t t e r  c u r r e n t  d e c r e a s e s ,  reducing the b a s e  c u r r e n t  of Q401.  

With l e s s  b a s e  c u r r e n t ,  t h e  effective r e s i s t ance  of Q401 will i n c r e a s e .  The re fo re ,  the output 

voltage d e c r e a s e s  until Q404 s e n s e s  the c o r r e c t  re la t ionship between the output voltage and 

the zene r  voltage of CR402. 

2 - 4 .  If the output voltage d e c r e a s e s  below the d e s i r e d  value,  the portion of the output 

voltage applied to the emi t t e r  of Q404 a l so  d e c r e a s e s ,  tending to m a k e  the e m i t t e r  m o r e  

negative with r e s p e c t  to the b a s e .  Th i s  i n c r e a s e s  the col lector  c u r r e n t  of Q404, which in- 

c r e a s e s  the b a s e  cu r ren t  of Q403, thus increasing the e m i t t e r  c u r r e n t  of Q403 and the base 

c u r r e n t  of Q402. This  in t u rn  i n c r e a s e s  the e m i t t e r  c u r r e n t  of Q402 and the b a s e  c u r r e n t  of 

Q401, which r educes  thp effective r e s i s t ance  of Q401, causing the output voltage to r e t u r n  to 

i t s  regulated value.  Q404 actually is matching the z e n e r  voltage to the e m i t t e r  voltage.  

2 - 5 .  Since a portion of the output voltage applied to the e m i t t e r  of Q404 can b e  v a r i e d  by 

potent iometer  R414, and the e m i t t e r  voltage of Q404 is to  r e m a i n  constant,  the outputvoltage 

m u s t  b e  changed a s  the r e s i s t o r  R414 i s  changed. In this  m a n n e r ,  the regulated output voltage 

can be  adjusted ove r  a range of t 9 v  to tl3v. Capaci tor  C403 h a s  been added to prevent  hunting. 

R e s i s t o r s  R402 and R403 a r e  included to l imit  the peak c u r r e n t  through t r a n s i s t o r  Q401 to a 

sa fe  value if the output t e rmina l  is s h o r t  c i rcui ted,  and to  provide r e v e r s e  b i a s  f o r  Q401 and 

Q402. Res i s to r  R404 provides a path f o r  the leakage c u r r e n t  of Q402 so that this  c u r r e n t  does  

not affect the b a s e  cu r ren t  in Q401, allowing Q401 to be  m o r e  nea r ly  cut off during a light load. 

3 .  - 2 0 ~  SUPPLgY 

3 - 1 .  A second portion of the output of t r a n s f o r m e r  T401 i s  rectified by br idge r ec t i f i e r  

CR421 and f i l tered by p a r n l l e l  r e s i s t o r s  R421A and R421B, nnd capac i to r s  C421,  C422, and 

C423.  The d-c voltage  cross cnpaci tors  C421, C422, and C423 i s  30v ( approx ima te ) .  T r a n s -  

istor. ;  Q421 and Q42L with t he i r  a s soc ia t ed  r e s i s t o r s  R423, R424, and R42L a c t  a s  R var i ab le  

r e s i s t a n c e  e l e m t n t  in  spr ie s  with the output load, which can be v a r j e d  to maintain a constant 

P a g r  2 of 7 
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outputvoltRge a c r o s s  ~ v n r i ~ b l ~  lond. A s  th r  load currpnt  i n c r e a s e s ,  the effectlve res i s tance  

of Q421 nnd Q422 is decrenscd so thnt t h e  JR drop  a c r o s s  R422, R423, R424, Q421, andQ422 

will remain  constnnt, producing R constnnt output vo l t~ igr .  

3-2. If the input n-c line voltngr shoiild i n c r m s e ,  the d-c  voltnge a c r o s s  f i l t e r  capaci tors  

C421, C422, and C423 would Increasp,  and the effective res i s tance  of Q421 and Q422 must  

i n c r e a s e  again to kepp the output voltage constant. The effective res i s tance  of Q421 andQ422 

is controlled by the control section, consisting of t r a n s i s t o r s  Q423, Q424, and Q425 and their  

associated c i rcu i t ry .  T r a n s i s t o r  Q4Lli determines  whether the output voltage is too high o r  

too low and is followed by power amplifiers Q424 and Q423, which amplify the control  signal 

to  the n e c e s s a r y  power level f o r  driving Q421 and Q422. T h e  b a s e  voltage of Q425 is r e f e r -  

enced f r o m  the output by a 4 . 7 ~  zener  diode CR422. The e m i t t e r  voltage of Q425 is determined 

by a r e s i s t o r  divider network R434, R435, and R436. The voltage f r o m  the' wiper of potentio- 

m e t e r  R435 is applied to the emi t te r  of Q425. 

a 

3-3 .  As the  output voltage increases ,  the magnitude of the voltage f r o m  the wiper of R435 

will i n c r e a s e  proportionally.  Since the output a c r o s s  CR422 r e m a i n s  constant a s  the output 

voltage i n c r e a s e s ,  the emi t te r  voltage tends to  become posit ive with respec t  to the b a s e  

voltage,  driving 4 4 2 5 ,  which is an  NPN t r a n s i s t o r ,  toward cutoff. A s  Q425 goes toward 

cutoff,  t h e r e  is l e s s  collector c u r r e n t  through R431, and consequently, there  i s  l e s s  b a s e  c u r r e n t  

' in  Q424. With l e s s  b a s e  cur ren t  in Q424, the emi t te r  cur ren t  of Q424 d e c r e a s e s .  With l e s s  

e m i t t e r  c u r r e n t  in Q424, the cur ren t  through R428 and the b a s e  c u r r e n t  of Q423 a lso  decrease .  

This  reduces  the emi t te r  c u r r e n t  in Q423 and 'reduces the base cur ren t  in Q421 and Q422. 

Less base cur ren t  in Q421 and Q422 increases  the i r  effective res i s tance ,  which i n c r e a s e s  the 

IR d r o p  a c r o s s  them. Therefore ,  the output voltage d e c r e a s e s  until Q425 s e n s e s  the c o r r e c t  

re la t ionship between the output voltage and the z e n e r  voltage of CR422. 

3-4. Conversely,  if the output voltage d e c r e a s e s  below the des i red  value, the portion of 

theoutput  voltage applied to the emit ter  of Q425 a l s o  d e c r e a s e s ,  tending to make  the emi t te r  

m o r e  negative with respec t  to the base. This  i n c r e a s e s  the collector c u r r e n t  of Q425, in- 

c r e a s i n g  the b a s e  c u r r e n t  of Q424, which in turn  inkreases  the emi t te r  c u r r e n t  of Q424 and 

t h e b a s e  c u r r e n t  of Q423. This ,  in turn, i n c r e a s e s  the  emi t te r  c u r r e n t  of Q423 and the b a s e  

c u r r e n t  of Q421 and Q422, reducing the effective res i s tance  of Q421 and Q422, and causing 

the  output voltage to re turn  to i t s  regulated value.  T r a n s i s t o r  Q425 i s  actually matching the 

z e n e r  voltage to  the emi t te r  voltage. 

3-5. Since a portion of the output voltage applied to the emi t te r  of Q425 can b e  var ied  by 

potent iometer  R435, and the e m i t t e r  voltage of Q425 is to  remain  constant,  the outputvoltage 

will have to be changed a s  the res i s tor  R435 is  changed. In this  manner ,  the regulated 

vol tage of this  supply can b e  adjusted from -14v to  -22v.  Capaci tors  C425 and C424 provide 

feedback f o r  stabil ization purposes .  

3-6 .  R e s i s t o r s  R423 and R424 serve twofunctions.  F i r s t ,  they f o r c e  the col lector  c u r r e n t  

Since the b a s e s  a r e  tied in common, i f  one t r a n s i s t o r  conducts of 4 4 2 1  and Q422 to  balance.  
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m o r e  than the other ,  the higher 1R drop I I I  their  associated r e s i s t o r  would tend to r’everse 

b ias  the t r a n s i s t o r  with the most  cur ren t  and, in this  manner ,  force  the c u r r e n t s  to balance. 

Second, i f  the output supply is shorted,  r e s i s t o r s  R422, R423 and R424 l imit  the peak cur ren t  

through 9 4 2 1  and Q422 to a safe  value while f u s e  F402 is melting. ResiRtor R425provides a 

path f o r  the leakage cur ren t  of Q423 so that this  leakage c u r r e n t  does not affect the b a s e  

c u r r e n t  ‘in Q421 and Q422. This  allows Q421 and Q422 to  be m o r e  near ly  cut off during a 

liRht load. 

4.  - 6 5 ~  SUPPLY 
4-1. A thi rd portion of the output of t r a n s f o r m e r  T401 is rectifiedlby a br idge rect i f ier  

CR441 and f i l t e r e d  by res i s tor  R441 and capaci tors  C441 and C442. The  voltage a c r o s s  

capaci tor  C441 and C442 is normally 75v (approximate) .  T r a n s i s t o r  Q441, and r e s i s t o r s  

R442 and R443, a c t  a s  a var iable  res i s tance  element  in series with the output load, which can 

be var ied  to maintain a constant output voltage a c r o s s  a var iab le  load, As the  load cur ren t  

i n c r e a s e s ,  the effective res i s tance  of Q441 is decreased  so that the IR drop  a c r o s s  R442, 

R443, and Q441 will remain constant,  producing a constant output voltage,  If the input a-c 

l inevol tage i n c r e a s e s ,  the d-cvol tage a c r o s s  f i l tered capac i tors  C441 and C442 will i n c r e a s e  

and the effective resis tance of Q441 m u s t  increase  again so that  the output voltage will re- 

m a i n  constant.  

4-2. The effective res i s tance  of Q441 is  determined by the control section, consistingof 

4444 de termines  whether t r a n s i s t o r s  Q442, 4443, and Q444 and the i r  associated c i rcu i t ry ,  

the output voltage is too h i g h  o r  too low and j s  followed by power ampl i f ie rs  Q443 and 9442. 

These  amplify the control signal to the necessary  power level f o r  driving Q441. The  emi t te r  

voltage of 4444 is referenced f r o m  the output by a 12v z e n e r  diode CR442. The  b a s e  voltage 

of 4444 is determined by the r e s i s t o r  divider network of R452, R453, and R454. The  voltage 

f r o m  the wiper  of potentiometer R453 is appl iedto the b a s e  of Q444. The z e n e r  is referenced 

f r o m  the posit ive s ide of th is  supply to reduce the emit ter- to-col lector  voltage of Q443 and 

4444 to l e s s  than 25v. 

4-3. As the outputvoltage i n c r e a s e s ,  the magnitude of the  voltage f r o m  the wiper of R453 

will a l s o  i n c r e a s e  proportionally. Since the output a c r o s s  z e n e r  diode CR442 remains  

constant a s  the output volts increase ,  the base voltage tends to become negative with respec t  

to  the e m i t t e r  voltage,  driving Q444 toward cutoff. As Q444 goes toward cutoff, t h e r e  is l e s s  

col lector  c u r r e n t  through R450 and less b a s e  c u r r e n t  in Q443. The e m i t t e r  c u r r e n t  of Q443 

d e c r e a s e s ,  reducing the c u r r e n t  through R447 and the base c u r r e n t  of 4442.  With less base 

c u r r e n t ,  the Q442 emit ter  c u r r e n t  d e c r e a s e s ,  With l e s s  

b a s e  cur ren t ,  the  effective res i s tance  of Q441 increases .  Therefore ,  the output voltage de- 

c r e a s e s  until 4444 senses  the c o r r e c t  relationship between the output voltage and the z e n e r  

voltage of CR442. 

reducing the b a s e  c u r r e n t  of Q441. 

4-4. If the  output voltage d e c r e a s e s  below the d e s i r e d  value,  the portion of the output 

voltage applied to the  base  of Q441 a l s o  d e c r e a s e s ,  tending to  make the b a s e  m o r e  posit ive 
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with respect to the emit ter ,  Thia increases the collector current  of 4444, increasing the 

base current  of Q443, and increaslng the emitter current  of Q443 and the base current  of 

Q442. 

ducing the effective resis tance of Q441, and causes  the output voltage to increase and to return 

to i t s  regulated value. 

This in turn increases  the emitter current  of Q442 and the base current  of 4441, re-, 0 
Q444 is. actually matching the zener voltage to the base  voltage. 

4-5. Sinde a portion of the output voltage applied to the base of Q444 can be varied by 

potentiometer R453, and the base  voltage of Q444 is to remain constant, the output voltage 

will have to be changedas the res i s tor  R453 is changed. In this manner,  the regulated output 

voltnge can be adjusted over a range of -6Ov to -7Ov. Capacitors C443 and C444 have been 

added to prevent hunting. Resis tors  R442 and R443 a r e  included to limit the peak current  to 

t ransis tor  4441 to a safe value i f  the output terminal is short  circuited, and to provide re- 

v e r s e  b i n s  for  4 4 4 1 .  Resistor R444"provides a path for  the leakage current  of Q412 so that 

this cur ren t  does not affect the base current in 4441. This allows 4441 to be more  nearly 

cut off during a light load, This  -65v power supply is stacked on the bottom of the -2Ov supply 

giving a combined output of -85v. 
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TN 51 
ONE-SHOT (MONOSTABLE MULTIVIBRATOR) 

The TN51 is a one-shot (monostable multivibrator) used fo r  generating a pulse, 

variable in width f rom a minimum of 160 microseconds to over 2 milliseconds. 

quiescent condition, t ransis tor  Q1 is saturated by the base current  through res i s tor  R3.  

Since t ransis tor  Q1 is saturated, voltage divider R7 and R8 is connected between +1S volts 

In the 

and 0 volts, establishing a positive reverse bias voltage bn the Q2 base and keeping QZ 

cut off, 

Resistors R 1  and R2 fo rm a voltage divider, establishing a noise bias of approximately 

- 2 . 5  volts, so that normal input noise does not t r igger  the network. 

less  than 1 0  volts, with a r i s e  t ime not greater  than 4 microseconds, will t r igger  the net- 

work by cutting off t ransis tor  Q1. Transistor Q1 is cut off when the input pulse r a i se s  the 

base voltage of t ransis tor  Q1 above 0 volts. Capacitor C1 is used to differentiate the input 

pulse so that a long duration input pulse will not affect the length of the output pulse, 

A positive pulse of'not 

With Q1 cut off, res i s tors  R 4  and R7 provide a path for  the base current of t ransis tor  

Q2, and Q2 saturates .  The collector voltage of t ransis tor  Q2 will r i s e  f rom -25  volts al-  

most to 0 volts. This r i s e  of voltage is coupled to the base of t ransis tor  Q2 via capacitor 

c 2 ,  keeping t ransis tor  Q1 at cut off until the R - C  t ime of capacitor C2 and res i s tor  R3 allows 

the  base  voltage of t ransis tor  Q1 to  return below 0 volts. 

Q2. 

Q1 saturates  again and cuts off 
a 

This t ime can be lengthened by adding capacitance in parallel  with capacitor C2. The 

terminals  of C 2  a r e  brought out on pins 6 and 7 of the network. 

the fall t ime of the output pulse by preventing C2f rom dischargingthrough R6. 

provides a d-c path fo r  the current  of C2., This network will operate on lower, supply volt- 

ages such as +12 volts and -20 volts, o r  + l o  volts and -15 volts. 

C R 2  is used to decrease 

Resistor R5 
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ME 905 

TN 5 1 B  
MONOSTABLE FLIP-FLOP 

A TN51B is a monostable flip-flop used for  generating a pulse,  variable i n  width 

Since t rans is tor  Q1 
f r o m  a minimum of 160 microseconds to over  2 milliseconds. 
t rans is tor  Q1 i s  saturated by the base cur ren t  through r e s i s t o r  R3. 
is saturated,  voltage divider R7 and R8 is connected between t15 volts and 0 volts, 
establishing a r e v e r s e  bias voltage on the Q2 base and keeping Q2 cut off. 

In the quiescent  condition, 

Resis tor  R1 and R2 f o r m  a voltage divider,  establishing a noise bias of approxi- 
A positive mately -2. 5 volts, so that normal  input noise does not t r igger  the network. 

pulse of not l e s s  than 10 volts with a r i s e  t ime not g r e a t e r  than 4 microseconds will 
t r igger  the network by cutting off t ransis tor  Q1. 
pulse r a i s e s  the base voltage of t rans is tor  Q1 above 0 volts. 
differentiate the input pulse so  that a long duration input pulse will not affect the length 
of the output pulse. 

T r a n s i s t o r  Q1 i s  cut off when the input 
Capacitor C1 is used to 

With Q1 cut off, r e s i s t o r s  R4 and R7 provide a path for  the base c u r r e n t  of t ran-  
s i s tor  Q2, and Q2 saturates.  The collector vo3.tage of t rans is tor  Q2 will r i s e  f r o m  -25 
volts a lmost  to  0 volts. This r i s e  of voltage i s  coupled to the base of t rans is tor  Q1 via  
capaci tor  C2, keeping t rans is tor  Q1 a t  cutoff until the R-C time of capacitor C2 and 
r e s i s t o r  R3 allows the base voltage of t rans is tor  Q1 to re turn  below 0 volts. 
again and cuts off Q2. 

Ql sa tura tes  

This  t ime can be lengthened by adding capacitance in paral le l  with capacitor C2. 
The te rmina ls  of C2 a r e  brought out on pins 6 and 7 of the network. 
d e c r e a s e  the fall t ime of the output pulse by preventing C2 from discharging through R6. 
Res is tor  R5 provides a d-c  path for the cur ren t  of C2. 
lower supply voltages, such a s  t 1 2  volts and - 2 0  volts. 

CR2 is used to 

This network will operate  on 
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TN 5 7  
DUAL PULSE AMPLIFIER 

The TN57 contains two P N P  t ransis tors  connected as two independent conventional amplif iers ,  

Only one of these will be discussed since the other is identical to i t .  

supply voltage is connected to pins 3 and 1 with the plus side on pin 3. 

and pin 4 the output, 

and the voltage a t  pin 4 will be the same a s  the voltage a t  pin 1. 

0.5 volts negative with respect to pin 3 the t ransis tor  will saturate and the voltage a t  pin 4 will 

go positive until i t  sa turates ,  approximately 0. 25 volts more  negative than the emitter.  Caution 

As normally used, a 

Pin 2 will be the input 

As long as pin 2 is more positive than pin 3 the t ransis tor  is cut off 

When pin 2 is approximately 

'mus t  be used to connect an  external base resis tor  in se r i e s  with pin 3 to prevent damage to 

the t ransis tor .  . The value of the externa1,base res i s tor  is dependent upon how negative the 

driving voltage goes and upon the external load that is connected to pin 4,  

the base current  should be a t  least  1/20th of the collector current ,  

To insure saturation 

The TN57 may also be used in a variety of applications by the addition of external 

components, 
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TN 5 8  
DUAL EMITTER FOLLOWER 

A TN58 consists of two N P N  transistors connected as independent emit ter  followers. As 

normally used, a supply voltage is connected to pins 4 and 1 with the plus side on pin 4. As 
the voltage at  pin 2 is varied,  between the voltages a t  pins 4 and 1, the t ransis tor  will conduct 

and the voltage a t  the emit ter ,  pin 3, will be approximately 0 . 4  volts more  negative than the 

voltage a t  pin 2. Because of the power gain of the t ransis tor  a lower impedance load can be 

driven from pin 3 than could have been driven f rom the signal applied to pin 2.  

The TN58 may also be used in  a variety of applications by the addition of external com- 

ponent s. 
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TN 79 
RELAY DRIVING FLIP-FLOP 

A TN79 is a bistable flip-flop which can be used f o r  driving a re lay coil ( o r  other  load) 

of 200 ohms o r  m o r e .  

normally said to be in the "Off" condition when t rans is tor  Q1 is saturated and Q2 i s  cut off, 

leaving the relay de-energized. The  "0nt l ,  o r  "ltt ,  condition is  the opposite, with Q1 cut off 

and Q2 saturated,  causing the relay to energize. 

r h e  external  load is connected between pins 8 and 1. T h e  network is 

If we a s s u m e  that Q1 is saturated,  then its collector is a t  approximately -0.25 vol t s ,  

Res is tors  R4 and R5 a r e  then connected from t 1 5  vol ts  to 0 volts and by divider action hold 

the b a s e  of Q2 a t  approximately t 3 . 5  volts. 

b ias  keeps Q2 cut off. 

the c u r r e n t  through r e s i s t o r  R1 is approximately 0.25 ma.  

combination of R2 and the external  load res i s tor ,  which may v a r y  f r o m  300 ohms to  3K, will 

v a r y  f r o m  0.93 to 0.85 ma. The difference between the c u r r e n t s  in R1 and in R2 is the b a s e  

c u r r e n t  of Q1, which is sufficient to  drive Q l  to  saturation. T h i s  satisfies the original con- 

dition: therefore ,  that condition is a stable one. 

Since the emi t te r  of Q2 is at  0 volts,  this  r e v e r s e  

With Q1 saturated,  i t s  b a s e  will be a t  approximately -0.5 volts,  and 

The cur ren t  through the s e r i e s  

The input voltages a t  pins 3, 6 ,  and 7 m u s t  be negative during quiescent conditions. The 

flip-flop may be turned "On" by rais ing the voltage a t  pin 3 to a positive value so the diode 

CR1 conducts,  ra is ing the b a s e  voltage of Q1 to a positive value. 

loaded slightly and cannot be generated by a high impedance source .  

posit ive,  Q1 is now r e v e r s e  biased and cut off. 

connected between 0 and t15 volts ,  and QZ is no longer clamped off. 

may now flow through r e s i s t o r s  R 5  and R3, causing Q2 to sa tura te .  Res is tors  R 1  and R2 a r e  

now connected f r o m  t15 volts to 0 vol ts ,  and hold the b a s e  of Q1 a t  approximately t4. 5 volts,  

keeping Q1 in a cut off condition a f te r  the input pu lses  pass .  

dition which will be maintained until Q2 i s  cut off by a posit ive pulse  a t  e i ther  pin 6 o r  pin 7. 

A posit ive pulse a t  e i ther  of these pins turns Q2 off, allowing b a s e  cur ren t  f r o m  Q1 to be 

conducted through R2 and the external  load, driving Q1 back into saturat ion and res tor ing  

the init ial  condition. 

The input pulse will b e  

With the b a s e  of Q1 

With Q1 cut off, R4 and R 5  a r e  no longer  

Instead, Q2 b a s e  c u r r e n t  

This  is the other  s table  con- 

Diode CR2 is included to suppress  the external  re lay  coil connected a c r o s s  pins 8 and 1. 

As Q2 goes f r o m  saturat ion to cut off, the re lay coil is de-energized. However, the 

inductance in the relay coil a t tempts  to maintain the c u r r e n t  through the coil by driving the 

voltage a t  pin 8 much m o r e  negative than the -26 volt supply. 

Q2 could be damaged by excessive emit ter-col lector  voltage. 

is added. 

the operation of the circui t .  

If this were  allowed to happen, 

To prevent this ,  diode CR2 

During most  phases  of the cycle, CR2 is r e v e r s e  biased and does not en ter  into 

When the r e l ay  is de-energized and pin 8 is dr iven negative by 

P a g e  1 of 3 



the relay inductance, CHL is [orward biased mnd conducts, providing a path for current 

through the relay coil and eliminating the voltage sp ike .  This  network will  operate on a 

lower supply voltage, such aH volts  and -20 volts .  
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TN 908 

BALANCED FLIP-FLOP AND DIVIDER 

The TNSOB is a bistable balanced flip-flop. An auxiliary input (pin 3) allows the 
network to be used as a divider in a counter. 

The network is defined as  being in the "01' state when Q1 is saturated and Q2 is 
off and in the l t l l l  state when the reverse is true. 
then the collector voltage of Q1 will be approximately 0 volts and resistor divider, R1 
and R7, will maintain approximately t 3 . 5  volts of reverse  bias on the base of Q2, keep- 
ing it cut off. With Q2 cut off, resistors R3 and R6 will provide a path for Q1 base cur- 
rent, clamping Q1 in saturation. This  condition is stable and wi l l  not be changed until 
an  input is received on pin 3 or pin 6. 
0 volts at pin 6 will cause CR3 to  conduct, thus driving the base of Q1 positive above 0 
volts, reverse biasing Q1, subsequently cutting Q1 off. 
go negative and due to the resistor divider, R1 and R7, the base of Q2 will go negative. 
As the base of Q2 goes negative, Q2 will go into saturation. As Q2 saturates,  its collector 
will go positive and due to the resistor divider of R2 and R3 the base of Q1 will be reverse 
biased at approximately $3.5 volts, keeping Q1 cut off, after the input pulse has passed. 
The network will remain in the "1" state until reset  by a positive pulse on pin 7 or t r i g -  
gered from a pulse on pin 3, the counting input. 
through an external capacitor for differentiation, both Q1 and Q2 wil l  be cut off. Capaci- 
tors  C1 and C2 retain charges which a r e  dependent upon which one of the transistors was 
saturated before the input pulse occurred. Since the input pulse i s  differentiated by a small 
input capacitor, it will last a very short time, less than one microsecond. At this point, 
the internal capacitors C1 and C2 take over, turning on the transistor that had previously 
been off. 
is saturated. 
approximately 26 volts. 
positive, cutting the transistors off. 
to  -23 volts. 
volts the base of Q1 wi l l  go negative, turning Q1 on. 
off and we a r e  now in the 11011 state as explained previously. 
Q1 was at -23 volts before the pulse occurred on pin 3 and there wasn't any change of col- 
lector voltage when the pulse did occur. 
through C2. When the network is in  the "O'I 
state pin 5 will be at 0 volts and pin 8 will be approximately -23 volts and the reverse is 
true when the network is in the 1'1'1 state. Although the description of operation has been 
based on voltages of t15  volts and -25 volts this network will operate equally on voltages 
of t12  volts and -20 volts or  + lo  volts and -15 volts. 

Assume that Q1 is saturated ( l 'O' t  state) 

Pin 6 is in f l l l l  input, in that a positive pulse above 

As Q1 is cut off its collector will 

Lf a positive pulse is applied on pin 3 ' 

For example; assume the network is the '11'' state, therefore Q1 is cut off and Q2 
The voltage across  C1 will be approximately 3.5 volts and across  C2 'will be 

When pin 3 goes positive above 0 volts, both bases wi l l  be driven 
The collector of Q2 s tar ts  to go negative from 0 volts 

Since this occurs almost instantaneously and C1 has been charged only 3.5 

Note, since the collector of 

The base of Q2 would not experience any change 

As Q1 is turned on, Q2 is held cut 

The output pins of the network a r e  5 and 8. 
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I" 111 
ONE-SHOT (MONOSTABLE MULTIVIBRATOR) 

The TN111 is a one-shot (monostable multivibrator) used for  generating a pulse 
which can be varied from a minimum of one microsecond to well over 200 microseconds,  In the 

quiescent comUition, t ransis tor  Q1 i s  saturated by the base current  through res i s tor  R3. 

Since transistior Ql is saturated, voltage divider R7 and R8 is connected between +15 volts 

and zero  volts., estabRislla@ a reverse bias voltage on the Q2 base and keeping Q2 cut off. 

Resis tors  R 1  and iBtZ &onm a mvloltage divider, establishing a noise bias of approximately 

-2.5 volts, so that normal input inoise will not tr igger the network. 

l e s s  than 10 volts, with a r i s e  t ime mat greater than 0. 5 microseconds, will tr igger the net- 

work by cutting off t ransis tor  Q1. 

base voltage of t ransis tor  Q1 above zero  volts. 

put pulse so that a long duration input pulse wil l  not affect the length of the output pulse. 

A positive pulse of not 

Transistor Q1 i s cu t  off when the input pulse ra i ses  the 

Capacitor C1 is used to differentiate the in- 

With Q1 cut off, res i s tors  R4 and R7 provide a path for  the base current  of t ransis tor  

Q2, and Q2 saturates.  

almost ze ro  volts. This r i s e  in voltage is coupled to the base of t ransis tor  Q1 through 

capacitor C2, keeping t ransis tor  Q1 a t  cutoff until the R - C  t ime of capacitor C2 and res i s tor  

R3 allows the base voltage of t ransis tor  Q1 to re turn to less  than ze ro  volts. 

again and cuts off Q2. 

The collector voltage of t ransis tor  Q2 will r i s e  f rom -25 volts to 

Q1 saturates  
0 

This  t ime can be lengthened by adding capacitance in parallel  with capacitor CZ. The 

terminals  of C2 a r e  brought out on pins 6 and 8 of the network. 

the fall t ime of the output pulse by preventing C2 f rom discharging tbrqugh R6. 

provides a dc path for  the current of C2. 

voltages, such a s  t12 and -20 volts, o r  t10 and -15 volts,  

CR2 is used to decrease  

Resistor R5 

This network will oper,ete(milower power supply 
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TN 130B 
CORE 

The TN130B is a blocking oscil lator with amplif ier  which genera tes  a positive going 

pulse f r o m  -20 volts to 0 volts,  with a t ime duration determined by the c o r e  with which it is 

used ,  

width of approximately 40 microseconds.  

The  TN130B is normally used with a MEC Model MN13 core ,  which gives i t  a pulse  

In the quiescent condition, transis t o r  Q1 is maintained in cut off. ,The emi t te r  voltage 

of Q1 is determined by the forward voltage drop  of diodes C R 2  and C R 4  ( 1 . 5  volts)  and is  at 

approximately -18 .5  volts.  

feedback winding of the core ,  connected f r o m  pin 5 to  -20 vol ts .  T h e  d-c impedance of the 

feedback winding is approximately 5 ohns; thus the b a s e  of Q1 is near ly  -20 volts,  keeping 

Ql r e v e r s e  biased approximately 0 . 7  volts and properly cut off, Since t h e r e  is no Q1 col-  

l ec tor  cur ren t ,  the collector voltage i s  t 1 2  vol ts ,  

The b a s e  of Q1 is returned to  -20 volts through R2 and the 

A posit ive going input pulse a t  pin 3 is coupled by capaci tor  C1,  diode CR1, and 

capaci tor  C2,  paral le led with R2 to the b a s e  of Q1. 

resul t ing Q1  collector c u r r e n t  p a s s e s  through the collector winding of the external c o r e .  

This  pulse  s t a r t s  Q1 conducting. The  

This  genera tes  a voltage a c r o s s  the collector winding coupled through the c o r e  to the feed-  

back winding. 

col lector  voltage becomes negative, the voltage a t  pin 5 is becoming positive. 

d r i v e s  Q1 fur ther  into conduction, even a f t e r  theinput pulse  has been differentiated by C1.  

Q1 s a t u r a t e s  in  approximately one microsecond with an  emit ter-col lector  voltage of approxi- 

mate ly  0 .25  volts.  

continues to  dr ive  pin 5 of the T N  network sufficiently posit ive to  cause  Q1 b a s e  c u r r e n t  to  

flow. 

the c h a r a c t e r i s t i c s  of the c o r e .  

By noting the phasing of the windings on the c o r e ,  i t  can be seen that, a s  the 

This in t u r n  
a 

Q l  will remain  saturated as  long a s  t r a n s f o r m e r  action in the c o r e  ' 

The pulse  width (approximately 40 microseconds f o r  a n  MN13 core)  is determined by 

When the c o r e  m a t e r i a l  finally reaches saturat ion,  t r a n s f o r m e r  action in the c o r e  will 

c e a s e ,  the feedback winding will no longer dr ive pin 5 posit ive,  and Q l  b a s e  cur ren t  will 

stop. 

in the r e s e t  winding r e s e t s  the c o r e .  

(pins  4 and 5 of the core)  through res i s tor  R4 and diodes CR2 and c R 4 .  

f r o m  the plus saturat ion condition attained during the output pulse to  a minus saturat ion 

condition ( r e s e t ) .  

winding a r e  r e v e r s e d .  

v e r s e  bias  on Q l .  

voltage some,what m o r e  positive than the t 1 2  volts on pin 7. 

microseconds  f o r  the r e s e t  action t o  be accomplished. 

This  cu ts  off Q1. With no current  in the collector winding of the core ,  the c u r r e n t  

This r e s e t  c u r r e n t  is furnished to the r e s e t  winding 

This  involves going 

During this  t ime,  the voltages a t  the feedback winding and the col lector  

The r e v e r s a l  of a voltage at  the feedback winding i n c r e a s e s  t h e  re- 

The r e v e r s a l  of voltage in the collector winding tends to  dr ive  the output 

It takes  approximately 30 a 



The nmplifier section Q2 i s  normally biased to cutoff by voltage divlder R7 and R6. 
With no collector current flowing, the quiescent collector voltRge of 9 2  is -20 volts, 

negative going pulse generated by the blocking oscil lator flection l a  coupled to the amplifier 

base  through CR3,  R5, and C3.  

by minimizing the fall time, 

minants.  

l e s s  thnn 8 ohms ( 2 0  to 24 MN11 cores) .  

The 

The diode provides f o r  rapid cut off of the amplifier,  there-  

R5 and C3 serve  a s  base  cur ren t  limiting and r i s e  t ime deter-  

The lond is connected between -20 volts and 0 volts and should be limited to no 
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TN 138 
ONE-SHOT WITH EMITTER FOLLOWER OUTPUT 

The TN138 is  a monostable flip-flop used f o r  generating a pulse  which can be 
var ied in width f r o m  a minimum of about 2 microseconds to  over  200 microseconds.  In 
quiescent  condition, t rans is tor  Q1 i s  saturated by the base cur ren t  through r e s i s t o r  R3. 
Since t rans is tor  Q1 is saturated,  voltage dividers  R7 and R8 a r e  connected between t15 
volts and 0 volts, establishing a positive bias voltage on the Q2 base,  and keeping Q2 cut  
off. Res is tors  R1 and R2 f o r m  a voltage divider,  establishing a noise bias  of approxi- 
mately -2. 5 volts, so that normal  input noise does not t r igger  the network. 

A positive pulse of not l e s s  than 10 volts,  .with a rise t ime not g r e a t e r  than 1 micro-  
second, will t r igger  the network by cutting off t rans is tor  Q!. 
pulse  r a i s e s  the base voltage above 0 volts. 
input pulse  so that a long duration pulse w i l l  not affect  the length of the output pulse. 

Q1 is cut off when the input 
Capacitor C1 is used to  diffsrentiate the 

With Q1 cut  off, r e s i s t o r s  R4 and R7 provide a path for  the base c u r r e n t  of t ran-  
s i s tor  Q2, and Q2 saturates .  The collector voltage of t rans is tor  Q2 will r i s e  f r o m  -25 
volts to near ly  0 volts. 
through capacitor C2, keeping t rans is tor  Q1 at cutoff until the R-C t ime of capacitor C2 
and r e s i s t o r  R3 allows the base voltage of t r a n s i s t o r  Q1 to re turn  to less than 0 volts. 
Q1 now sa tura tes  again and cu ts  off Q2. 
aci tance in paral le l  with capacitor C2. 

This  r i s e  of voltage i s  coupled to the base of t rans is tor  Q1 

This t ime can be lengthened by adding cap- 

The te rmina ls  of C2 a r e  brought out on pins 6 and 8 of the nstwork. CR2 is  used 
to d e c r e a s e  the fall t ime of the output pulse by preventing C2 f r o m  discharging through 
R6. 
which will dr ive a load of 200 ohms. 

Res is tor  R5 provides a d-c path for c u r r e n t  of C2. Q3 is the emitter-follower 
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TN 1 3 8 B  
ONE-SHOT WITH EMITTER FOLLOWER OUTPUT 

The TN138B is  a one-shot (monostable mult ivibrator)  with a n  emi t te r  follower output. 

This network can dr ive low impedance loads because of the emi t te r  follower output. 

The  network's quiescent s ta te  is with Q1 saturated and with Q2 cut off, 

is f o r w a r d  biased by R3 which i s  connected to -25 vol ts ,  thus saturat ing Q l .  

urated,  the base of Q2 i s  r e v e r s e  biased by the voltage divider R7 and R8 between 4-15 volts 

and the collector of Q1 (0 volts) .  With Q2 cut off, i t s  col lector  i s  a t  approximately -25 volts:  

t h e r e f o r e  the b a s e  of Q3 is at  the s a m e  voltage a s  the emi t te r  of Q3, keeping Q3 n e a r  cut off. 

P i n  7 will be a t  -25 volts and pin 5 will be a t  0 vol ts .  The  r e s i s t o r  divider of R 1  and R2 will 

maintain a r e v e r s e  bias  on diode CR1 of approximately 2.2 volts f o r  protection against  noise  

impulses .  

of CR1, t r a n s i s t o r  Ql will be cut off. 

-25 vol ts .  

R7. 

conduct, and s t a r t s  to sa tura te  rapidly. 

to 0 vol ts .  

off a f te r  the input pulse has  passed.  

through R3. 

escent negative potential, Q1 will saturate .  

Due to the  r e s i s t o r  divider of R7 and R8, the b a s e  of Q2 will a l s o  go positive, r e v e r s e  biasing 

Q2 and cutting i t  off. 

The b a s e  of a1 
Since Q1 is sa t -  

When a positive pulse of sufficient amplitude i s  applied to pin 3 to  cause  conduction 

The collector of Q1 will therefore  go negative toward 

This negative going voltage potential is coupled to the base  of Q2 through C3 and 

This  will cause  the b a s e  of Q2 to go negative with respec t  to  the emi t te r .  Q2 will now 

The collector of Q2 will now go positive f r o m  -25vol ts  

This  voltage change, being coupled through C2 to  the b a s e  of Q1, will keep Q1 cut 

C2 has now been charged,  and will s t a r t  to  discharge 

When C2 has  discharged sufficiently to  allow the b a s e  of Q1 to re turn  to i t s  qui- 

A s  Q1 sa tura tes ,  i t s  collector will go posit ive,  a 
The one-shot has  now returned to i t s  quiescent condition. 

T h e  t ime constant of R3 and C2 determines the pulse width, which is about 1 microsecond.  

By adding external  capacity a c r o s s  pins 6 and 8,  the RC t i m e  constant is increased and thus 

the pulse  width i s  increased .  

t o  the e m i t t e r ,  and this  will cause  Q3 t o  go into saturat ion.  

fol lower,  will go to 0 volts.  

Q2 is cut off, Q3 will b e  n e a r  cut off, and pin 7 will r e t u r n  to  -25 volts.  

When QZ is saturated,  the b a s e  of Q3 will be positive in respec t  

P i n  7 ,  the output of the emi t te r  

Q3 will be in saturat ion a s  long a s  Q2 i s  in saturation. When 

Although the descr ipt ion of operation has  been based on voltages of t 1 5  vol ts  and -25 

vol t s ,  this  network will operate  equally on voltages of + l o  volts and -15 volts.  
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MAGNETIC CORES 

1. GENERAL 

A component commonly used in  digital data handling equipment is a magnetic core .  The 

term magnetic core  is usually applied t o  a small torroid composed of magnetic mater ia l  

which has high permeability and also high retention. This m a t e r i a l  will have what is called 

a square hysteresis  loop, shown in  Point A, Figure MN-1. Because of this square hystere-  

sis loop, there  are two stable energy states, which make the c o r e s  adaptable t o  digital c i r -  

cuits. Magnetic cores  a r e  commonly used for shift regis ters  , "and1' gates,  l l o r t l  gates,  
and other logic circuits,  in  addition to their  use as blocking oscillator t ransformers .  

2. THEORY OF OPERATION 

2-1. GENERAL 

a. The action of a magnetic core  can best  be described by referr ing to the drawing of the 

hysteresis  loop (Figure MN-1). The magnetomotive force , o r  ampere-turns,  applied to the 

winding of a core is measured along the X axis. Magnetic f l u x  density (gausses),  or  flux 

lines per  square centimeter,  is being measured along the Y axis. Once a core has  been 

magnetized and had this magnetization reversed  several  t imes,  the relationship between 

flux density and magnetomotive force is described by the hysteresis  loop i n  Figure MN-1. 

b. With no current  going through any of the core  windings, the f lux  density will be either 

at point D o r  at point H, depending upon the direction in  which the core  has  most  recently 

been saturated. If the core  is assumed t o  be at  point D on the hysteresis  loop and ampere-  

turns  a r e  applied i n  the negative direction, the relationship between the f lux density and the 

magnetomotive force will follow the line DE. 

negative direction, the core  will go on t o  condition F, at which point saturation has  occurred 

and additional ampere-turns of magnetomotive force will resul t  in  only a minor increase in 

flux level t o  point G. 

If additional ampere-turns a r e  applied i n  the 

c. If the current  through the windings is now removed, the core  will re turn  to  point H on 

the hysteresis  loop. 

proportional t o  OH in  the core. 

Even though there are no ampere-turns,  there  is still a flux density 

The characterist ics of the core  mater ia l  are such that this 
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Figure MN-I. Square Hysteresis Loop 

flux density will remain indefinitely as though it  were a permanent magnetic. 

tion of current  in the winding in, reversed,  positive ampere-turns a r e  applied. 

move the condition of the core  from H to A and on to B, a t  which point the core  is now eatu- 

rated in the positive direction and additional ampere-turns of magnetomotive force will 

cause very l i t t le change in flux density to  point C. 

the core  will  now go from C to D, where it will  remain indefinitely until driven again. 

If the direc-  

This will 

When the current  in the coil ie  removed, 

d. The net change in flux, when going from a negative quiescent state to plus saturation, 

ie  proportional to HJ. 

thie change in flux and will  generate a voltage proportional to the number of turns and the 

ra te  of change of flux. 

it. 

ly goes from D to B. 

this time (proportional to DJ) ie very small  when compared to HJ. 

generated in coil No. 2 will be very small  a t  this time. 

It should be noted that other windings on the magnetic core.wil1 sense 

Figure MN-2 shows a simple magnetic core  with three windings on 

If positive'amperc-turns a r e  then applied to winding No. 1, the core  condition effective- 

Since the hysteresis  loop is very square,  the change in flux during 

As a resul t ,  the voltage 

e. If negative ampere-turns a r e  again applied so that the core  goes from D to E to F, the 
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Figure MN-2. Simple Magnetic Core 

change in fltuc will  be proportional to DL. 

be equal in magnitude, but opposite in  polarity, to the voltage generated in that winding 

when the core went from H to B. 

different purposes in logic circuits. 

the "Ott  state and the "1" state respectively. 

The voltage generated in winding No. 2 will  now 

Those pulsee'can be separated with diodes and used for 

The two stable states, D and", a r e  referred to as 

2-2. MNll MAGNETIC CORE 

a. A Mitgo M N l l  magnetic core has four windings and associated components designed 

specifically for shift register application (Figure MN-3). Pin 7 is connected to a -25v sup- 

ply. The core drive pulse, applied to pin 1, travels from -25v to approximately eero volts 

and return, with a rise time no greater than 5 microseconds and a fall time no greater than 

10 microseconds. The pulse width must be at least 10 microseconds at 50 percent of meam- 

ured points, but is normally approximately 40 microseconds wide. 

b. This positive going pulse applied to pin 1 results in ampere-turns driving the core be- 

yond positive saturation (Point C in Figure MN-l). When the core drive pulse has passed, 

the core  is left in state D, which is defined as "0" state. The voltage at pin 8 is normally 

maintained at -25v but is raised to approximately -16v to insert a t r l "  into the core. It can 

be seen that the  current in the input winding, as a result of a positive going pulse applied to 

pin 8,  will magnetize the core in an opposite direction to that of the drive pulse. The state 

of the core will go from D to G on the hysteresie loop (Figure MN-l),  a d  when the input 

pulse is passed, the core remains a t  H, which is defined as a ttl" state. 

C. When the next drive pulse occurs, the flux will travel from point H to Point C, and 
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t ransformer action of the core and windings will result  in  a positive pulse being generated 

at the,dot end of all four windings. This positive pulse will be approximately 9v in  magni- 

tude with a r i s e  time of approximately 6 microseconds. 

tive saturation to  positive saturation, there will be no more  flux change even though the 

drive pulse is still present,  and no additional voltage is generated in the windings. 

switching t ime, which takes place in  approximately 6 microseconds,  determines the width 

of the pulse generated by the windings. 

Once the core has  gone f r o m  nega- 

This 

d. The 9v pulse generated i n  the advance winding causes diode CR3 to conduct, and will 
charge capacitor C3 t o  approximately -16v. 

tion, the voltage at  pin 6 will rever t  to  -25v. 

f r o m  discharging through the advance winding, so the charge is held on C3 until it discharges 

through an  external load. 

After the core  has  switched to  positive sa tura-  

Diode CR3, however, prevents capacitor C3 

e. During a core drive pulse, the voltage at pin 2 jumps f rom -25v t o  approximately z e r o  

With pin 2 at approximately volts because of the IR drop in R1 caused by the shift current.  

zero  volts, diode CR2 will be reverse  biased and no cur ren t  can flow f rom pin 8 through CR2 

and the input winding. 

can now discharge through CR2 and the input windings of the next core ,  driving it t o  the "1" 

state. 

out that a 11111 can also be ins t r ted  through pin 3, o r  by applying a pulse t o  pin 5, which be- 

comes approximately 8v positive with respect t o  pin 4. If there  i s  no "l9'  inser ted between 

core drive pulses, the next core  drive pulse will drive the core  f rom point D to point C on 

the hysteresis  loop, resulting in a very  small change in  flux density. This will resu l t  in  a 
very  small voltage being generated in the windings (approximately 0.5v), giving a signal-to- 

noise ra t io  of approximately 18 to 1. 

After the core  drive pulse has passed, the -16v charge on one C3 

A l l l f t  can be inserted by raising pin 8 to  -21v, o r  m o r e  positive. It should be pointed 

f. It should be noted that energy t ransferred t o  a load while shifting out a "1" comes from 

the core dr iver  and not f rom the core.  

t ransfer red  to  the output winding while the core  is acting as a t ransformer.  

operates equally well on a power supply voltage of -2Ov instead of -25v as described. 

The energy in the core mere ly  allows energy t o  be 

The Milgo M N l l  

2-3. SHIFT REGISTERS 

a. When connected to form a shift regis ter ,  M N l l  cores  a r e  connected as shown in Figure 

If a positive-going pulse is applied to  pin 8 of the first core ,  a lllt '  will be inser ted MN-3. 

into that core .  
ously, since they are  connected in parallel. 

During the next core  drive pulse, all of the cores  will be pulsed simultane- 

The resultant 9v pulse f rom the advance winding 
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of the f i r s t  core  wi l l  charge the capacitor in  the f i r e t  core  to approximately -16v. When 

the f i rs t  core  has switched from minue saturation to plus saturation, there will  no longer 

be any voltage generated in the advance winding. 

capacitor from discharging through the advance winding, however, and CR2 in the second 

core prevents this capacitor frpm discharging through the input winding of the second core,  

CR2 i s  reverse  biased because of the IR drop in the resis tor  of the second core caused by 

the shift  current.  

CR3 of the first core  will prevent the 

g. When the shift pulse has passed, the pin 2 voltage of the second core will  go back to 

-25v and the capacitor in the first core  may now discharge through the input winding of the 

second core. 

core  f rom point D to point G on the saturation curve,  so that when C3 is completely dis- 

charged, the second core will  be in a fllff state. While this second core was  being switched 

from plus saturation to minus saturation, flux linkages were changing in all of the windings 

of this core ,  with the result  that a voltage was generated in all of these coils with the dot end 

The resultant current through the input winding is sufficient to drive the second 

of the winding negative. Diode CR1 will prevent any current flow in the drive winding as a 

result  of the generated voltage, and the diode CR3 will prevent any current flow in the ad- 

vance winding as a result  of this generated voltage. 

h. During the next core drive pulse, core 2 i s  switched from minus saturation to plus 

saturation, resulting in the output capacitor of the second core being charged. After the 

second core drive pulse, the discharge current f rom this capacitor will inser t  a "1" into 

the third core  and so on to the last one. 

out, the auxiliary winding may be used to generate either a positive going o r  negative going 

9v pulse. 

six microseconds and a fall time of approximately one half microsecond. 

auxiliary winding can be used to inser t  r f l l s f l  into the core  by applying a suitable positive 

pulse to pin 5 o r  a suitable negative pulse to pin 4. Pins 2,  3, and 6 a r e  brought out for 

additional flexibility in adapting the M N l l  core  to logic circuits. 

Since both ends of the auxiliary winding a r e  brought 

This auxiliary pulse will be approximately 9v in magnitude, with a r i s e  time of 

In addition, the 

2-4. BLOCKING OSCILLATORS 

a. The use of t ransformers  for blocking oscil lators is common and widely understood. It 

is a l s o  possible to use a square loop magnetic core  as a blocking oscillator t ransformer 

with some desirable resul ts  in  control of pulse width. 

of either an MN12 o r  an MN13 as used in a blocking oscillator. 

Figure MN-4 shows the connections 
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Figure MN-4. Blocking Oscillator (MN12 o r  MN13) 

b. The 9-1 winding is  the collector winding and could be compared to the pr imary winding 

of a transformer.  

secondary winding of a transformer.  

t e rpar t  in a conventional transformer.  

through the r e s e t  winding wi l l  drive the core  into negative saturation. 

normally be cut off ,  but when triggered by a negative pulse at the input, wi l l  go into con- 

duction. 

flux moves from H toward A and B. 

feedback winding and a voltage is generated, making pin 3 negative. 

voltage is applied to the base of the t ransis tor  and dr ives  the t ransis tor  into heavier con- 

duction. 

The 2-3 winding is the feedback winding and could be compared to the 

The 4-5 winding is the r e se t  winding and has no coun- 

The r e se t  winding is SO connected that the current  

The t ransis tor  will 

The resulting collector current  applies positive ampere-turns to the core  and the 

The resulting flux change in the co re  is sensed by the 

This negative going 

C. AS the t ransis tor  conducts more  heavily, the ra te  of change of flux increases ,  resulting 

in an even more  negative voltage being applied to the base of the t ransis tor .  

very quickly saturates  the transistor (approximately one microsecond),  but the collector 

current  is limited by resistor R2 and the voltage generated in the collector winding of the 

core. 

This feedback 

AS long as the core is sti l l  in the process  of switching from minus saturation to plus 
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saturation, the core  and i t s  windings act as a t ransformer and the feedback-winding conti- 

nues to drive the t ransis tor  into saturation, When the core  has  finally reached saturation 

(B on hysteresie curve,  Figure MN-l), additional ampere- turns  f rom the collector winding 

will no longer result in a change of flux and no additional voltage will be generated in the 

feedback winding. This removes the drive to the t rans is tor ,  which immediately cuts off, 

removing the ampere-turns f rom the collector winding. 

d. Current  through res i s tor  R3 and the r e s e t  winding now s t a r t s  to apply ampere- turns  in  

the negalive direction again and drives the core  f rom position D to F. 
versa l  of flux in the core ,  which reverses  the voltage generated in the feedback winding. 

Pin 3 now becomes slightly positive, insuring a rapid cutoff of the t ransis tor .  Since the 

duration of the output pulse depends on the time it takes to switch the magnetic core ,  the 

This resu l t s  in  a re- 

pulse width depends on the co re  used and is relatively independent of the load on the block- 

ing oscillator. 

e. Two blocking oscillator co res  a r e  used in Milgo equipment: an  MN12 and an  MN13. 

The MN12 will cause a pulse approximately 10 microseconds wide to be generated by the 

blocking oscil lator,  while the MN13 will cause a pulse approximately 40 microseconds wide 

to be generated. 

imately 80 microseconds to reset an MN13 core. 

It takes approximately 30 microseconds to r e se t  an MN12 core  and approx- 
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TN157 
TUNING FORK OSCILLATOR 

The TN157 i s  a transistor oscillator which is frequency controlled by an ex terna l  

tuning fork. The circuit  i s  designed for use with a 1000 cps tuning fork, but operation is 

extended to include a 480 cps tuning fork by the addition of an external capacitor between 

pins 3 and 6. 

A signal at the input, pin 8, i s  capacity coupled t o  the base of Q1, which amplifies 

the signal. The output of the f i r s t  stage of amplification, pin 6, i s  coupled through C2 to  

the tuning fork and the output amplifier consisting of Q2 and Q3. 

driven by Ql ,  the tuning fork resonates, providing the desired frequency at the pin 8 input. 

As a result  of being 

Transis tors  Q2 and Q3 a r e  used in a Schmitt tr igger circuit  which produces a 

saturated square wave output for a sinusoidal input to R4. 

goes negative, turning on the transistor,  its collector goes positive, turning off Q3. This 

positive feedback also exists i n  the case where the input to Q2 goes positive, generating 

the desired square wave output. 

As the input at the base of Q2 

A warm up period i s  required f o r  the oscillations to build up to maximum amplitude. 

The warm up period may This i s  due to the mechanical characteristics of the tuning fork. 

vary from 15 seconds to approximately two minutes. 
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